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ABSTRACT 

After a short introduction describing the environmental status of the Black Sea, 
information is presented on the marine algae, and the phytoplankton and zooplankton, 
including the events following the introduction of the predatory ctenophore, Mnemiopsis 
leydei. The existing historical information available on the resources of more than 14 
commercial fish in the Black Sea is summarized, and placed in context with information 
on the marine environment together with an evaluation of the impact of environment 
changes. 
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I. 


INTRODUCTION 


During the last 30-35 years the Black Sea ecosystem has been subjected to dramatic changes 
due to the increased pollution of the basin and the over-exploitation of some commercial fish 
species. The period of "eutrophicated sea" dates back to the early 1970s and is characterized by 
structural and functional alterations in the ecosystem as a result of the intensification and spreading 
of both local and regional phytoplankton blooms. These blooms over the last decade attained their 
maximum intensity in late spring-summer, an abnormal period for the Black Sea where peak 
production normally occurs in early spring and autumn. Changes have also been registered in the 
taxonomic composition of blooms • since 1 989 producing phytoplankton species with succession 
shifted towards the predominance of Dynophyta - towards an increasing importance of Crysophyta 
species - EmiHania huxiey and Phaeocystis pouchettii /Moncheva, 1991a and b). Recently some 
phyto- and zooplankton species new to the Black Sea ecosystem have invaded the basin resulting 
in dramatic alterations in the food web (Moncheva era/., 1993). During the period under 
consideration the abundance of the most commercial carnivores has sharply decreased - bonito 
(Sarda sarda Bloch), blue fish ( Pomatomus saltator Linnaeus) and mackerel { Scomber scombrus 
Linnaeus). The last species has nearly disappeared in the Black Sea since 1968. This has been the 
period of rapid intensification of fishing particularly of sprat (Sprattus sprattus phalericus Risso), 
horse mackerel ( Trachurus mediterraneus ponticus Aleev) and anchovy (Engraulis encrasicolus 
ponticus Aleksandrov) for which catches have been extended from 3.1, 4.9 and 128.3 thousand 
tonnes (1970) up to 105.2 (1989), 147.7 (1985) and 485.5 (1984) thousand tonnes, respectively. 
Shlyakhov at a). (1990) claim that the rapid decline of anchovy stock could be related both to the 
deteriorated environmental conditions and the overfishing during some years. In the early 1 980s 
(1982) the ctenophore Mnemiopsis leidyi - Mnemia mccradyi invaded the Black Sea (Zaitsev, 
1993; Konsulov, Konsulova, 1993) with a biomass resulting in several-fold reduction of the 
zooplankton biomass; copepod species in particular (Vinogradov et al. , 1 989; Zaika and Sergeeva, 
1991; Schushkina, Nikolaeva and Lukashova, 1 990) Taking into account the fact that Mnemiopsis 
leidyi is feeding on eggs and larvae of spawning fish although at a less significant rate (Eremeev and 
Chudinovski, 1 990), it is reasonable to assert that the sharp reduction in sprat, anchovy and horse 
mackerel stocks could be related mainly to the complex impact of the four above-mentioned factors 
-pollution, eutrophication, structural alteration in the ecosystem and intensification of fishery. 
Figure 1 gives an estimation of the total Black Sea catches. It can be seen that after 1988 the 
catches sharply decreased for the mentioned species. 

The four factors are of anthropogenic origin and should be discriminated from the natural 
factors such as global climatic changes in particular and their impact on hydrology and 
hydrochemistry of the basin and its primary production (Brjantzev, 1 989). A typical example in this 
sense is the established periodicity in qualitative and quantitative composition of phytoplankton in 
the Black Sea in respect to the solar activity variability (Petrova-Karadjova and Apostolov, 1988; 
Petrova Karadjova, 1993). Another natural and anthropogenic factor is the registered decline of 
water exchange of the Black Sea. This was related to the lower river inflow. Hence, the global 
climatic changes through the overall amount of rainfall also exerts an influence on the river inflow. 
As is well-known the water exchange is one of the main factors conducive to water cleaning by 
oxidation of organic matter. According to Rass (1987) this is the reason why bonito and blue fish 
avoid Black Sea waters, although their stocks in the Sea of Marmara have not decreased. Berenheim 
(I960) estimated that the outflow of the Black Sea waters through the Bosporus during the 1960s 
and earlier, ranged within 397-400 thousand cubic kilometres, and the inflow from the Sea of 
Marmara • within 1 75-193 thousand cubic kilometres. During the 1 980s the respective values were 
340 and 1 76 thousand cubic kilometres (Sorokin, 1 982), i.e. the outflow of the Black Sea waters 
has dropped by 57-60 thousand cubic kilometres. That is why the expected decline of rainfall at 
the end of 20th century will increase the effect of pollution of the Black Sea waters. All this calls 
for annually revised stock assessments and catch projections of commercial fish species in relation 
to the environmental conditions. 
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II. ENVIRONMENT 

The Black Sea is situated between latitudes 40 II 55'N 46”37'N and longitudes 27”27'E - 

41°47’E. Its maximum length is at 42“29'N latitude - 620 miles - and maximum width at 31 027’E 
longitude - 332 miles. The greatest depth is 2 258 m. The general characteristics of the basin are 
the following (Table II: 


TABLE 1. General characteristics of Black Sea 


Isobaths 

(m) 

Area 

(km 2 ) 

3 

Volume (km ) 

5""55 

16930 

212 

25 - 50 

30937 

1160 

50 - 100 

49057 

3679 

100 200 

15399 

5TR> 

200 500 

14284 

4999 


22592 

16944 

1000 - 1500 

38490 

481 l"3 

1500 - 2000 

69195 

121091 

over 2000 

156604 

331446 

Total 

413488 

529954 

According to 
Zaitsev (1993) 

423000 

534000 


2 

The shelf surface area of the Black Sea is 96 914 km (23^44% of the total area). Out of it 
43 960 kn^ (10.63%) are in the territory of Ukraine, 10 680 km 12.58%) in Russia and Georgia, 
10 700 km (2.59%) in Bulgaria and 31 574 km (7.64%) in Turkey and Romania. 

On the basis of the morphological peculiarities of the shelf and the continental slope the Black 
Sea can be conditionally separated in 8 regions: 1. North western: 2. South-western; 3. Turkish; 
4. South-eastern; 5. Caucasian; 6. Kertch-Tamansky; 7. Crimean; 8. Central. Through the Kertch 
Strait it communicates with the Sea of Azov and through the Bosporus with the Mediterranean. 

The Black Sea is a semi-closed basin with relatively great depths, small connection with thp 
World Ocean, and high bioproductivity of the shelf zone - 242 tonnes of phytoplankton per km . 
Here discharge some big rivers like the Danube, Dneister, Dneiper, South Bug etc., which 
determines the lower salinity of Black Sea waters compared with those of the Marmara and Aegean 
Seas and Mediterranean. 

The specific structure of the Black Sea was noted at the beginning of the oceanographic 
investigations of the basin: first of all, the existence of two layers, highly different with respect to 
the hydrological parameters and divided by a constant picnocline (halocline). The occurrence of 
hydrogen sulphide at depths of more than 1 25-224 m is another important peculiarity since surface 
waters saturated with oxygen represent only 12% of the total water volume. The deep (below 100 
m) remain relatively isolated from the surface layer, where aerobic processes take place. For this 
reason, below the basic picnocline layer (an anoxic zone) is formed, preceded by an oxygen deficit 
zone, where the organic matter is oxidized to sulphates and by anaerobic bacterial reduction the 
sulphates are reduced to hydrogen sulphide. 
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The geostrophic circulation in the surface layer of the basin is presented by the Main Black 
Sea Stream (MBS), which generates extensive cyclone gyres in the central east and western regions 
and a multitude of smaller cyclones and anticyclones (Figure 21. At the external part of the MBS, 
due to its interaction with the continental slope, a ring of anticyclone gyres is formed, which 
generates a quasi homogenous Convergence Zone (CZ). 


30 36 



FIGURE 2, Surface circulation in the Black Sea (from Practical Ecology, 1990) 

Despite the existence of the constant picnocline, recent studies show that the water column 
has an intensive vertical dynamic, especially in winter. The strong North and Northeast winds 
elevate the main cyclonic gyres domes (to 20-30 m from the surface in some areas), which breaks 
apart the picnocline and leads to increase of the convective mixing with 0.02 cm/s average speed 
(Ovchinnikov apd Popov, 1987). In ^us Divergence Zone (DZ), formed in such a way over an area 
of 40 000 km , about 3-4 000 km as an average deep water's upwelling, exceeds 10 times the 
volume of the river inflow (Vinogradov et al. . 1992). The deep waters, shifted to the surface, mix 
with the cooled surface layer in a 1:5 ratio and initiate the so called "Cold Intermediate Layer" (CILI, 
typical of the three layer summer hydrostructure. The CIL forming cold water, downwells from the 
picnocline domes, to the periphery of the cyclone gyres until it reaches the MBS. which spreads it 
throughout the basin. 

The upwelling of water in the DZ of the central part of the basin is compensated by its 
downwelling in the CZ above the continental slope, which coincides with CIL downwelling to the 
periphery of the cyclone gyres (Ovchinnikov et al., 19911. The downwelling in CZ water is 
compensated by intensification of the DZ upwelling as well as by the actively upwelling of water 
on the continental slope in the coastal zone. Coastal upwelling is noted in some areas, due to the 
influence of the geomorphologic particularities of the coast and bottom and the local winds (e.g. 
Cape Kaliakra: Dimitrov et al., 1987: Odessa Bay: Vinogradova and Vassileva, 1992: Peninsula of 
Crimea: Blatov and Ivanov, 1992). 

In winter, due to the impact of the low temperatures and the strong winds, the shelf zone is 
subject to intensive vertical mixing, which covers the total water column, from the surface to the 
bottom. In spring the surface layer warms up and a seasonal thermocline is noted in the 25-30 m 
layer. Thus, the typical the warm season, a three layer structure is observed in the open Sea, 
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comprising an upper quasi-homogenous layer, with lower limit at the seasonal thermocline, a 6-8°C 
cold intermediate layer between the seasonal thermocline and the constant picnocline, and an 
anaerobic zone below the picnocline. At this stratification, the vertical mixing is negligible: 1-1.6 
x 10 cm/s (Boguslavsky era/., 1979). 

In the north-western part of the Black Sea the summer vertical stratification is still better 
expressed owing to the influence of river inflow. The Danube waters form a vast frontal zone which 
spreads its influence over the whole western coast as far as the Bosporus (Rojdestvensky, 1954). 

In summer the thermocline lies at depths of 25-30 m. Here inner waves are generated that 
form gyres in the proximity of the shelf zone, promoting vertical water exchange as well as the 
uptake of nutrients from deep waters euphotic layers (Kitkin, 1953; Bogdanova, 1959). 

The temperature regime of the Black Sea is typical of temperate latitudes. The thermohaline 
structure of the offshore zone according to average data of Sorokin (1982) is shown in Table 2. 


TABLE 2. Thermohaline structure of the Black Sea offshore zone 


Depth 

(m) 

Water 

temperature 

<R) 

Salinity 

< w 

Oxygen 

concentration 

(mg/I) 

Hydrogen 

sulphide 

concentration 

tmg/l) 

0 


18.24 

(17.44) 

5.6 

0.0 

10 

22.1 (6.8) 

18.34 (17.60) 

6.7 

0.0 

25 

15.7 (6.81 

18.40 (17.80) 

7.4 

575 

30 

9.3 (6.7) 

18.93 (18.10) 

5.8 

0.0 

50 

7,7 (7.6) 


5.4 

0.0 

100 

8.1 (8.1) 


0.8 

0.0 

150 

8.4 (8.5) 


0.2 

0.15 

255 

575 

21734 

555 

0.75 

500 

575 

55755 

575 

5.15 

T555 

55 

253i 

0.0 

8.27 

555 

9.0 

22.35 

0.0 

9.41 

2000 

9.1 

22.36 

0.0 

9.21 


* in brackets, the values of the parameters during winter are shown 


During winter the surface water layers in the north-western and north-eastern part of the sea 
cool to 0°C. In summer they warm up to 24-27°C in the inshore and to 21-23°C in the offshore 
zone. 


The water balance of the Black Sea is near equilibriiyi (Table 3). The prevailing portion of the 
river runoff is due to the Danube river - about 2 000 km per year. 

The ionic composition of the Black Sea waters is similar to the oceanic (in %), except for the 
carbonic ion, the latter having in the Black Sea concentration substantially higher, especially in the 
deep layers (Skopintsev, 1975) (Table 4). 

The specific characteristics of the hydrochemical and hydrological structure of the Black Sea 
have set their imprint on the biota species composition as well as its abundance. 
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TABLE 3. Water balance of the Black Sea 


Inflows - sources 

Outflows - sources 

according to Solyankin 11963) 


according to Solyankin (1963) 


river inflow 

246 

evaporation 

332 

atmospheric rainfall 

129 

outflow in 


inflow from 


the Sea of Azov 

32 

the Sea of Azov 

53 

outflow in 


inflow from 


the Sea of Marmara 

340 

the Sea of Marmara 

176 



Total 

704 

Total 

704 

according to Rojdestvensky (1978) 


according to Rojdestvensky (1978) 


river inflow 

294 

evaporation 

301 

atmospheric rainfall 

254 

outflow in 


inflow from 


the Sea of Azov 

29 

the Sea of Azov 

38 

outflow in 


inflow from 


Sea of Marmara 

485 

the Sea of Marmara 

229 



Total 

815 

Total 

815 


TABLE 4. Ionic composition of Black Sea waters 


Ions 

Black Sea 
0 - 300 

300 - 2000 

Ocean 

Cl" 

55.230 

55.250 

55.200 

Br 

0.183 

0.185 

0.190 

so 4 

7.540 

7.410 

7.690 

COo 

0.460 

0.950 

0.200 


31.360 

31.230 

30.590 

K 2 + 

1.020 

1.070 

1.100 

< " a 2 + 

1.310 

1.280 

1.200 

Mg 

3.240 

3.740 

3.720 


The phytoplankton comprises 746 species, 525 of them being marine or brackish, 211 - 
freshwater or brackish , plus 10 species undefined in relation to salinity preference (Pitsik, 19791 • 
Table 5. In this list the new species that invaded the Black Sea during the last years are not included 
since their taxonomic position is not finally specified. 
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TABLE 5. Number of phytoplankton species in the Black Sea 


Taxonomic 

groups 

Sea and 
brackish 
waters 
Genera 

Sea and 
brackish 
waters 
Species 

Fresh and 
brackish 
waters 
Genera 

Fresh and 
brackish 
waters 
Species 

Grand 

total 

Genera 

Grand 

total 

Species 

Bacillario- 

phyta 

55 

245 

24 

93 

64 

342 

Pyrrophyta 

34 

193 

6 

T3 

36 

555 

Chryso- 

phyta 

25 

47 

2 

3 

27 

51 

Chloro- 

phyta 

11 

23 

26 

66 

36 

91 

Cyano- 

phyta 

5 

8 

10 

24 

12 

34 

Xanto- 

phyta 

3 

6 

- 

- 

3 

6 

Eugleno- 

phyta 

3 

3 

6 

13 

7 

17 

Total 

735 

525 

74 

211 

183 

746 


The mean annual phytoplankton biomass varies considerably during the years (Table 6). The 
phytobenthos consists of macrophytes, sea grass and microphytes. This is the group mostly 
investigated off the Romanian coast where 388 species have been found (Bodeanu, 1 979) (Table 7). 


TABLE 6. Phytoplankton biomass in the Black Sea 


Years 

North- 

western 

part 

Eastern 

part 

Years 

North- 

western 

part 

Eastern 

part 

7555 

- 

3S 

1575 

484 

153 

7551 

1355 

33 

1575 

573 

7735 

1962 

696 

29 

1977 

1533 

7T55 

1963 

- 

45 

1978 

786 

356 

1964 

722 

100 

1979 

1921 

405 

1965 

741 

42 

1980 

2170 

505 

1555 

511 

T35 

1551 

940 

5T7 

1967 

573 

733 

1982 

733 

1355 

7355 

285 

735 

1553 

533 

355 

7555 

464 

55 

1554 

5T5 

375 

1970 

856 

75 

1985 

551 

155 

7577 

355 


1555 

351 

735 

1972 

520 

735 

1987 

557 

335 

1973 

7531 

114 

1555 

531 

355 

7573 

7553 

551 

1555 

555 

' 
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TABLE 7. Number of macrophytobenthos species (Bodeanu, 1979) 


Taxonomic 

groups 

Marine 

Marine and 
brackish 

Brackish and 
fresh- 
water 

Fresh 

water 

Grand total 

Bacillario- 

phyta 

171 

76 

58 

48 

353 

Pyrrophyta 

13 

1 



14 


2 

- 

4 

5 

8 

Chrysophyta 

6 




S 


5 


■ Kl ■ 


SiHiSiij 

Euglenophyta 


- 

- 

- 

i 

Total 

198 

77 

63 

50 

388 


The annual microphytobenthos production is estimated to be around 15 million tonnes, the 
total biomass being 0.2 million tonnes. Ivanov and Beverton (1985) gave for the same parameters, 
values of 54.5 and 0.5 million tonnes, respectively. 

According to Kalugina - Gutkin (1979) the number of macrophytobenthos species is the 
following (Table 8): 


TABLE 8. Number of macrophytobenthos species in the Black Sea 


Seaweed 

groups 

Marine 

Brackish and 
marine 

Brackish 

Fresh water 
and brackish 

Grand total 

green 

3i 

43 

1 

5 

55 

brown 

63 

15 

- 

- 

73 

red 

TT3 

35 

1 

i 

T33 

Total 

205 

85 

8 

§ 

534 


The Phyllophoras and Cistozeiras are the dominant algae genera. In this view the vast 
meadow of red algae ("Zernov's phyllophora field”) is unique in the world. It is situated in the 
north-western part of the 8lack Sea at depths of 30-65m, between 45-46 f N and 30-32'E. In the 
early 1960s- 1970s the total biomass was estimated at 7-12 million tonnes. As a result of 
eutrophication and pollution of the basin the phyllophora biomass steadily decreased (Table 9). 

The figures in brackets are according to data from "Commercial description of the Black 
Sea” (1988), the others are according to the annual reports of YugNIRO (Ukraine). In spite of 
some apparent differences in the point estimates (owing to different surface areas investigated) 
they reflect as a whole rather well the negative changes in the phyllophora biomass - the decline 
was around 21 -36 fold in relation to the period 1 960-1 970. Ivanov and Beverton ( 1 985) drew the 
same conclusion and noted that its total biomass has diminished from 6.6 to 2. 5-3.0 million 
tonnes in 1974. 

The total phytobenthos biomass has been estimated to be about 1 5 million tonnes and the 
production around 50 million tonnes, which represents about 3% of the overall production of 
organic matter in the Black Sea (Mashtakova, Rouhyanen, 1979; Hydrometeorology and 
Hydrochemistry, 1992). According to Ivanov and Beverton (1985) the macrophytobenthos 
biomass is 16.0 million tonnes and that of the production 1 7.6 million tonnes. Consequently, the 
total phytobenthos biomass is 16.5 million tonnes and the production 72.6 million tonnes. 
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2 -3 

TABLE 9. Surface area (km ) and Phyllophora biomass (x 10 tonnes) during the 
period 1972 - 1993 


Years 

Area (km^) 

-3 

Biomass (x 10 tonnes) 

1972 

(1185.8) 

(1868.4) 

T375 

no data 

no data 

T374 

no data 

no data 

1975 

(523.2) 


1976 

no data 

no data 

1977 

(355.9) 

(976.9) 

1978 

? 

1080.0 

1979 

(368.2) 


1980 

(491.6) 

790.0 (260.9) 

1981 

(44(1). 8) 


1982 

no data 

no data 

T353 

(110.4) 

350.0 (258.2) 

1984 

(1775) 

790.0 (179.9) 

1985 

(30) 

430.0 (122.2) 



55575 


■UH 


IlHfcliidBiii 




WtM 


1990 

no data 

no data 

rs9i 

no data 

no data 

HHEiZXSii 

iSXMUB . 1 

300.0 

T353 

? 

320.0 


The zooplankton comprises basically 98 species. This figure may be increased to 120 
species because of the Mediterranean immigrants, some of them having succeeded to adapt to 
the Black Sea environment. Besides, in spring and summer about 20 species (Mollusca, 
Polichaeta, Crustacea and other benthic and nektonic organisms) enrich the plankton community 
with their larval stages (Sorokin, 1982). Table 10 shows the taxonomic composition of the 
primary zooplankton according to Grese and Fedorina (1979). 

TABLE 10. Taxonomic composition of zooplankton in the Black Sea 


Taxonomic groups 


Genera number 

Species number 

Tmtinoidea 

4 

§ 

55 

Hydrozoaria 

§ 

T5 

T75 

Scyphozoaria 

5 

5 

5 

Ctenophorae 

1 

1 

1 

Rotatoria 

4 

9 

35 

Cladocera 

5 

4 

8 

Copepoda 

9 

13 

15 

Chaetognatha 

1 

1 

1 

Appendicularia 

1 

1 

1 

Total 

33 

50 

98 


The zooplankton species have different origin and hence different ecology. The maior part is 
concentrated in the upper 50 metre-layer (Nikitin, 1945; Hydrometeorology and Hydrochemistry, 
1992) and the low border of distribution in the zones of circular streams lies at depths 175-200 m 
(Nikitin, 1949). In the central halistic parts, the lower border may rise up to 85-100 m. After 
Vinogradov ef a/. (1987) this border of zooplankton occurrence is determined by the dissolved 
oxygen concentration and not by the incidence of hydrogen sulphide. 
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According to Grese and Fedorina (1 979) the zooplankton biomass of the different taxonomic 
groups is as follows (Table 11): 


TABLE 11. Zooplankton biomass in the Black Sea 


Taxonomic 

group 

Biomass in wet 
weight 

Ih. tonnes % 

Dry weight in % 
to wet weight 

Biomass in dry weight 
th. tonnes % 

Crustacea 

2820 

18.0 

17.0 

479.4 

56.0 

Noctilucae 

mm 

nn 

2.0 


UK 

Ctenophorae 

5335 

34.1 

573 

122.7 

14.3 

Sagittae 

554 

2.7 

4.7 

19.9 

2.3 

Medusae 

675 

4.3 

07T3 

0.9 

0.1 

Other 

575 

5.6 

14.0 


14.4 

Overall 

15672 

100.0 



100.0 


The indicated figures should be observed as mean values, as far as the zooplankton 
biomass differs in wide boundaries during the various years (Table 12). 

3 

TABLE 12. Zooplankton biomass in layers 0 - 100m (mg/m ) 


Years 

Eastern 
part of 
Black 
Sea 

Western 
part of 
Black 
Sea 

Average 

Years 

Eastern 
part of 
Black 
Sea 


Average 

■ITEM 

60.7 

fTTTS 

TT51 


50 

60 

5773 


54.5 

108.9 

81.7 

■ET:M 

BIE2S 




86.0 

78.5 

577 


118.1 

577 

577 


T3371 

570 

204.4 


43.9 

58.2 

5T70 

■ );.■ 

T5775 

50 

5577 


69.5 

43.9 

56.7 

•£££■ 

5515 

iTO 

13577 

■IIM 

85.3 

42.5 

63.9 



89.0 

89.0 


73.9 

77.8 

75.8 

■ l-H ■ 

TTO 

1 41 .5 

i3575 


50 

573 

7370 

mmm 

50 

50 

775 

■ I f 

77.3 

35T5 

56.9 


161 .4 

84.4 

75279 


84.5 

46.9 

65.7 


99.4 

115.8 

10775 


113.3 

50 

81.8 


61.1 

82.2 

71.6 


76.8 

70.8 

73.8 

TW1 

46.9 

47.9 

47.4 

■ HIM 

29.6 

75.9 

52.8 


43.8 

44.1 

44.0 


75.8 

48.0 

61.9 

■ ) /r ■ 

50 

61.4 

44.1 






The same is valid for the annual production, which varies from 90 to 120 million tonnes 
(Hydrometeorology and hydrochemistry, 1992), the last corresponding to 246.6-328.8 thousand 
tonnes daily production. The annual production of Sagitta is estimated to be about 31 .7 million 
tonnes, and the daily products about 87 thousand tonnes. 

According to Ivanov and Beverton (1985) the ecological factor used to determine the various 
trophic levels (Ke) is too low for the detritivore organisms and carnivores, 0.067 and 0.003 
respectively. The above-mentioned authors explain the latter with the fact, that the mussels being 
a main consumer of detritus, are not eaten by other organisms. The extremely low level of utilization 
of the trophic base by predators is explained as due to negligible use of planktonic predators such 
as jelly-fish, Ctenophora, Sagitta, etc. , higher in the food chain. 

The introduction (1982) and the mass development of the new species Ctenophora 
{Mnemiopsis leidyi — Mnemia macradyi) after summer 1 988 caused significant changes in all trophic 
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levels of the Black sea ecosystem. Observations in experimental (aquariums) and natural conditions 
show that the mentioned species consumes the native species Ctenophora (Pleurobrachia), its own 
generation, fish-eggs and larvae of fishes but mostly copepoda (Vinogradov et al., 1989; 
Vinogradov and Shushkina, 1992; Malishev and Archipov, 1992). In experiments it is proved that 
the food needs of this predator are extremely high (to the complete filling of the stomach). As a 
result, the biomass of Copepoda and Cladocera, according to different authors, decreased (in the 
layer 0-25m) from 6 to 8 times in comparison with the mean long-term summer zooplankton 
biomass (Malishev, Archipov, 1992); from 10 to 20 times (Lipskaia, Luchinskaia, 1990) and from 
10 to 30 times (Vinogradov et al., 1989). According to Bulgarian data (Atanasova, Velikova, 
Manasieva, in press) the summer and autumn zooplankton biomasses had decreased 5.7 and 3.8 
times respectively in comparison with the period 1974-1987 and 1 1 and 6 fold during the period 
1 954-1 973. The population explosion of Mnemiopsis and the following reducing of the remaining 
zooplankton is a normal process for the West Atlantic, from where this species is transferred. The 
mass development of it is due to its capability to inseminate itself, to its high fertility, accelerated 
rate of growth and high survival of the generation (to 10%) Reeve and Walter (1978); Miller 
(1974). In this connection the Mnemiopsis can successfully combat most of its competitors, but 
for the same reason it can with difficulty, keep its biomass at a high level (Kremer, 1976). That is 
why its biomass varies within wide boundaries depending on the food capacity of the water body. 
According to different authors in the period 1989-94 the Mnemiopsis' biomass varied from some 
thousand of million tonnes to some ten of million tonnes. 

Having in mind the estimates of zooplankton production (of crustaceans as a main food) we 
shall Indicate only those of Grishin, Kovalenko and Sorokolit - JugNIRO (personal communication - 
the full text of their report will be given in press after improving the estimates for 1 993 and 1 994) 
(Table 13). 

According to Vinogradov etal. (1 9891 Mnemiopsis biomass has reached 700 million tonnes. 

TABLE 13. Biomass of jelly-fish and the new species Ctenophora (x 10 e tonnes) during 
April-May and June -July ( by data of Sorokin and Sorokolit YugNIRO) 



Biomass of jelly-fish 

Biomass of Mnemiopsis 

Years 

IV-V 

VII-VIII 

VII-VIII 

T575 

7.1 

69.5 


T§81 

TTT7 

<n~5 


1982 

35"3 

48.4 


1983 

5.4 

41.5 


1984 

7.7 

45.4 


1986 

4.6 



1987 

4.6 



1988 

5.4 

k&jih 


1989 

6.1 

5.4 

3377 

1§90 

51s 

5.4 

3o77 

1991 

5C8 

6.2 

40.5 

1992 

0.8 

2.3 

18.9 

1993 


10.0 

T554 


46.0 


The zoobenthos of the Black sea is represented by 1518 species (without Protozoa), from which 
1 56 are found in river estuaries and freshwater, and 85 - in the Bosporus region (Table 14). The deepest 
layer of distribution is about 1 25-130 m, in the Bosporus region - 1 70-200 m. Only some Nematoda from 
the genus Desmoscolex, Trocoma and Cobbionema are found in depths from 200 to 600m, in the 
permanent anoxic zone (Zaitsev ef a/I, 1987). The mentioned aerobic organisms exist in the anaerobic 
zone due to its ability to use the accumulated carotinoides (in sediments) as a source of oxygen. 
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TABLE 14. Taxonomic groups of Zoobenthos in the Black Sea 


Taxonomic 

groups 

Overall 

species 

number 

in brac- 
kish 
waters 

at the 
Bospo- 
rus 

Taxonomic 

groups 

Overall 

species 

number 

m brac- 
kish 
waters 

at the 
Bospo- 
rus 


26 



Scaphopoda 

1 


1 

Spongia 

28 



Ostracoda 

10§ 

16 

1 1 

Hydrozoa 

25 

3 


Harpacticoida 

154 

3 


Anthozoa 

5 



Cirripedia 

5 



turbelaria 

1T53 



Amphipoda 

nra 

38 


LHBSuB 

33 


- 

Isopoda 

29 

- 


Nomatoda 

240 


- 

Tanaidacea 

6 

- 


Rotatoria 

40 

21 


Cumacea 

23 

9 


Gastrotricha 

23 



Decapoda 

32 

i 



10 



Aracina 

27 

3 



TS3 

3 

30 

Pantopoda 

a 

- 



39 

23 


Insecta 

ii 

7 


Slpunculidae 

1 


1 

Tardiyrada 

5 



Bryozoa 

18 


• 

Usteroidea 

t 


i 

Camptozoa 

2 



Ophiuroidea 

3 


3 

Phoronidae 

1 

- 

- 

Echinoidea 

i 


i 

Loncata 

3 




a 


3 

Bivalvia 

88 

ii 

20 

Ascidiao 

8 



Gastropoda 

118 

17 

16 

Total 

1518 

T5B 

87 


Most researchers accept that the period of eutrophication began in the early 1 970s. 
This period was characterized by structural and functional changes in the Black Sea 
ecosystem, in consequence the local and global "blooms" of phytoplankton became more 
frequent, more continuous and covered a larger area (Prodanov, Dencheva, Ivanov, 1993). 
Besides the "blooms" are often followed by oxygen deficit and death of bottom and near- 
bottom organisms (Salsky, 1977; Zaitsev, 1977 - according to Zaitsev, 1993; Moncheva, 
1991, 1992; Moncheva, Petrova-Karadjova and Palasov, 1993; Konsulova, Konsulov and 
Moncheva, 1990; Konsulova, 1991 - in press), especially in the narrow shore zone. In some 
cases even the pelagic species, such as anchovy and horse mackerel, are being influenced 
by the hypoxia (Zaitsev, 1993). According to the same author, the surface of the temporary 
acting anaerobic zones shows a tendency to increase (Table 15). 


TABLE 15. The surface area of anoxic zone (x 10 3 km 1 ) in the 
north-western part of the Black Sea 




Years 

Surface area 

Years 

Surface area 


T5 


15.0 

1985 

5.0 


ITS 

i960 

3513 

1986 

8.0 


10.0 

1981 

17.0 

1987 

9.0 

■IK-M 

3.0 

1982 

12.0 

1988 

TTS 

1977 

11 .O 

■I1:M 

3To 

1989 

STo 


30.0 


10.0 

1990 

40.0 


According to Zaitsev (1993) biological losses from a hypoxia over an 18 year period 
(1973-1990) are estimated over 60 million tonnes, including 5 million tonnes of fish (young 
and adult individuals). 

During the period considered the anthropogenic pollution of the Black Sea has increased many 
times, the basin being historically burdened with a large anaerobic zone, as a result it has a small 
capacity for assimilating pollutants. That is why in Black Sea bottom fishes are rarely found to 
100 m depth and pelagic and near-bottom fishes to 100-130 m (Prodanov, Dencheva and Ivanov, 
1993). 
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The catchment area of the Black Sea is about 22 times greater than its surface. This is one 
of the main reasons for the quick contamination of the sea, in a consequence of intensification of 
industry and agriculture after^l 960. By the end of the 1 980s the river outflow to the sea annually 
has contained about 4-5 km waste waters (about 5% of the total river inflow). Into the shelf zone 
enter annually an average of 400 thousand tonnes of biogenic substances, 410 thousand tonnes 
of petroleum products, 20 thousand tonnes of detergents, 700 tonnes of phenols. In accordance 
with the data of the State Hydrometeorology Service of the former USSR in 1970 (by Danube river) 
by the rivers in the Black Sea have penetrated 2.7 thousand tonnes nitrites and 16.5 thousand 
tonnes phosphates, and in 1979, correspondingly 13.5 and 27.0 thousand tonnes. Besides 180 
thousand vessels with a total displacement of 12.5 million tonnes, coming through Bosporus, have 
polluted the sea additionally with about 12 thousand tonnes petrol (personal communication - 
academic Jakovlev - Director of JugNIRO). Similar estimates are given by Konovalov (1992). 
According to this author the Black Sea is polluted annually with about 100 thousand tonnes 
petroleum products, from which 40-50 thousand tonnes come through the Danube. The pollution 
of the sea with heavy metals and other chemical compounds (Marine Pollution '90, 1990) is 
considerable. 

By the Danube into the Black Sea enter annually 60 tonnes mercury, 240 tonnes cadmium, 
4000 tonnes lead, 900 tonnes chrome, etc. In relation to cuprous Black Sea is more polluted than 
the Mediterranean (2-3 times). The pollution of the sea with various chemical compounds (DDT, 
PVC, etc.) is very significant. Through the rivers Danube, Dnepr, Dnestr and South Bug into Black 
Sea come annually about 1 200-5000 tonnes. According to UNEP most dangerous for the living 
organisms are the isotopes of radium, other nuclear fission products and mercury, followed by the 
pesticides, heavy metals, etc. (UNEP, 1986a, b, c; 1987). In comparison with the Mediterranean 
and Baltic seas, Black Sea is considerably more burdened by phosphates, nitrates, especially if 
having in mind the anaerobic zone. According to Konovalov (1992) these amounts are as follows: 
(Table 16). 

As it is known, the most important influence on the marine ecosystems belongs to the 
phosphates, nitrates and calcium compounds that are the reason for growing old of water bodies 
(Vollenweider, 1976). Most influenced in this connection is the north-western part of the Black Sea, 
as far as by the above-mentioned rivers comes into the sea a great amount of nitrogen and 
phosphorus, which are transferred to the Bulgarian coasts by the currents characteristic of this 
region. In this connection the Bulgarian zone is more polluted by waters from the north-western part 
of the sea than from its own pollutants, for the exception of some coastal regions (near Varna and 
Burgas). 


TABLE 16. Amounts of phosphates and nitrates (in tonnes per km 2 ) in the Black Sea, 
Mediterranean and Baltic Sea 


Chemical 

compounds 

Black Sea 

Mediterranean 

Baltic Sea 

Phosphates 

153842.5 
0.286 (2.85*) 

384606. 0 
0.102 

82415.6 
3.8 (0.19*) 

Nitrates 

437.5-875.0 

8.1-16.2** 

1093.0-2187.0 

0.291-0.582 

234.4-468.0 

10.85-21.0 


Note: * -the predicted value for the amount of phosphorus in the Baltic sea is in 

accordance with the international programme for control over phosphates, 
coming into sea (International Programme for phosphorus control on the Baltic), 

* * -the amounts of phosphorus and nitrogen are calculated for the volume of the 
aerobic zone of the Black sea. 
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The intensification of fishery after 1976, particularly the late forbiddance of bottom trawl- 
hauls, which ruined the bottom biocenosis and spoiled the connections between bottom and pelagic 
waters, influenced negatively the state of the Black sea ecosystem. Schematically represented the 
most important changes which happened are the following: 

quantitative and qualitative decreasing of microphytobenthos, especially in the north-western 
part of the sea; 

increasing of continuity, intensity and regularity of "blooming" of phytoplankton; 
reducing of biodiversity, concentration and biomass of zoobenthos, as a result of regular and 
mass death, following, as usually occurs, the "blooming" of phytoplankton, as well as the 
mass development of new species, mainly the Rapana thomasiana, which is a predator of the 
black mussel Mytilus galloprovincialis. The concentrations of Rapana fell down many folds 
after its mass catch began, which was a favourable condition for increasing the biomass of 
the black mussel; 

the increasing of concentration and biomass of some stable species zoobenthos, mainly 
Polychaete and Nematoda, is not able to compensate the dropping down of the total biomass, 
because besides the decreased biomass of the black mussel (in the 1960s it is about 10 
million tonnes in the north-western part of the sea) the oyster Ostrea edulis, which abundance 
by the end of the 1 950s was 50 million individuals almost completely disappear (Zakutski and 
Vinogradov, 1967); 

changes in the concentration and biomass of some zooplankton species. The domination of 
species as N. miliaris, A. clausi, P. polyphemoides is a fact, indicating eutrophication of the 
sea; 

sharp reducing of biomass of small zooplankton (Copepoda), which is a basic food, either for 
planktivorous fishes or for the larvae and the juveniles of the other fish species; 
sharp decreasing of the concentration and biomass of most of the fish populations, especially 
the summer spawned pelagic species: anchovy and horse mackerel. 

As it is already known, many fish species in the Black Sea undertake seasonal migrations for 
nourishing, wintering and reproduction, and on this account the pollution of the sea or the over 
fishing by any Black Sea country (mainly Turkey and the former USSR) leads to the total reduction 
of concentration and biomass of the corresponding species. 

This defines the necessity to generalize the data of all Black Sea countries, for the purpose 
of distinguishing the influence of anthropogenic factors (including the fishery) and the so-called 
natural factors - global climatic and cosmic processes. For example, according to Petrova-Karadjova 
and Apostolov (1988), the biodiversity and the quantitative development of various phytoplankton 
groups depend on the solar activity. These changes in the trophic basis also influence the survival 
of new generations, and consequently affect the state of the stock of the corresponding species 
in the following years. 

The Black sea is inhabited by 1 68 species, from which 1 44 are typically marine ones, and 24 
diadromous or partly anadromous. Along the Bulgarian coast, as a result of a detail studying the 
ichthyological bibliography, 1 26 species of marine and diadromous fishes are indicated (Prodanov, 
Dencheva and Ivanov, 19931. The classification of fishes is given according to the modification 
done by Rass (1987). 

From the marine species the objects of intense fishery are sturgeons, shad, anchovy, sprat, 
horse mackerel, whiting, gobies, turbot, spiny dogfish, Mugilidae, bonito, bluefish, mackerel, etc. 
Up to the beginning of the 1 970s, bonito, blue fish, mackerel, which as from 1 968 was already not 
found in the Black sea, for the exception of the Bosporus region, represented a certain importance 
from an economic point of view. 
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As it was pointed out (Figure 1), after 1979 the fish catches in the Black Sea sharply 
increased, reaching 797.5 thousand tonnes in 1988, then dropped again to 216.5 thousand tonnes 
in 1 991 . In 1 992 they had a slight tendency to increase. The accidental decrease of catches after 
1988 is mainly due to summer spawning fish species (anchovy and horse mackerel), in connection 
with the massive development of new species Ctenophora, which biomass was very high in 1989. 
For other fish species the negative changes are not so obviously expressed, and for some of them, 
as for the shad (data in advance), even an increase of catches is observed. In this connection we 
shall consider more precisely the commercially valuable fish species, their stock dynamics and the 
causes, which determine it, as well. 
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III. STOCK ASSESSMENT OF COMMERCIAL FISH SPECIES IN THE BLACK SEA 

SPINY DOGFISH, SQUALUS ACANTHIAS LINNAEUS 


The spiny dogfish, Squalus acanthias, is wide-spread in the Atlantic, the Mediterranean and 
the Black Sea, where a specialised fishery is carried out for this species. 

Table 1 7 shows the landings by countries during the period 1 967-1 992. Total catches have 
ranged from 191.1 (1967) to 12 296.1 (1979); on average 4 01 1 .5 tonnes. The greatest amounts 
are taken in T urkey whose average catch of 2 800.8 tons represents 69.82% of the total . The next 
country is the former USSR with 1 159.9 tonnes (28.91%). From the pointed out figures it is 
evident that the Bulgarian and Romanian yields are insignificant - 26.3 (0.66%) and 24.5 (0.61 %) 
tons, respectively. 


TABLE 17. Spiny dogfish catches (tonnes) in the Black Sea during 1967-1992 


Year 

Bulgaria 

Romania 

Former 

USSR 

Turkey 

Total 

T537 




rsn 

i3T3 

■WiHi 




7573 

7573 





2573 

2573 





521.2 

5273 

BUM 





2585.1 

TF72 




2081.6 

2707.6 

1573 

933 



4431 

1967.1 

T974 

H5 

670 

5000,0 

1346.1 

2353.5 

1575 

£35 

575 

5353 

533 

5453 

T575 

£75 

375 


— 1178.4 

2585.4 

T577 

18,0 

T75 

13003 

i2i4.6 

2563.6 

T57B 

ms 

£75 

355533 

1127 9 

2556.9 

T375 

6.0 

3.0 

1400.6 

10887.1 

12296.1 

T5B5 

TOTS 

375 

1700.0 

4702.0 

6419.0 

T55T 

5T£ 

875 

1500.0 


7137.4 

1352 

2533 

TS33 

1700.0 

675073 

8469.6 

T583 

5533 

5333 

l600.6 

7T5T33 

8906.0 

T5B4 

53.2 

13435 

1500.0 

4588.0 

8275.2 

5535 


7775 

2100.0 

2598.0 

4842.5 

T55B 

7523 

5533 

2100.0 

2581.0 

4882.6 

7557 

553 

4335 

1866.6 

3139.0 

5078.3 

T55B 

50.9 

5333 

1905.6 

3261.0 

5265.9 

T3S5 

5777 

3335 

S66 6- ■ 

4558.0 

4915.7 

T555 

T53 

45.0 

1 700.0 

1059.0 

2626.4 

1351 


2333 


2017.0 

6566.6 

1332 

renr* 

5735 


2220.0 

6786.6 

Average 

353 

553 

TT553 

2660.8 

4011.6 

% 

535 

07H 

2531 

— 5532 — 



* Bulgarian catches in 1991 and 1 992 are set at 6 tonnes but probably were considerably larger. After 1 989 
no fishery statistics data were available, so the latter is adopted as possibly its lowest level. 

** Former USSR catches for 1989 after Ukrainian data are 300 tonnes. 

* ’ • According to Kirsonova (1 9931 catches by Ukraine and the former USSR during the period 1 983 - 1992 
varied between 1 500 and 2200 tonnes. 


Copyrighted material 












17 


During the last 10 years the price of spiny dogfish grew rapidly, which led to heavy fishing 
of this species. For lack of effective control, the prevailing quantities from the catches are not 
reported in the fishery statistics after 1989 for Bulgaria and Romania, and to some extent for 
Ukraine and the other former Soviet countries. All this hinders precise stock assessments, especially 
during the last few years. However, the Black Sea spiny dogfish has a long life span which is the 
reason for the smaller fluctuations in its biomass. 

Table 18 presents the age composition of the total catches, based primarily on Ukrainian 

data. 


TABLE 18. Age composition (x 10 3 specimens) of spiny dogfish catches during 1972-1992 


Year 

B 

5 

6 

B 

8 

9 

10 

11 

12 

lEQj 

B2£| 


Basil 

BUI 

BUI 

BEU1 

BiUI 

beui 

^BUI 

■fcMcl 



Moral 






BillJ 



1.24 




8^81 



bbuli 

beui 


Bill 

0.00 



Kill 

0.38 


hej 




— K-f 




BUil 


BUU1 






BUI 


BESill 








■ KrJ 


■f*i 


B2E1I 

BE2E1 

bbei 




BUI 

BiUI 


BiUI 

buui 

(£££] 



BEJ 

BIB 

BUI 



BliUl 










BiUI 


ieeii 

Basil 

6.92 


51.87 

Bin 

134.20 

beili 

BUil 

■IKI'I 

BEiii 

■r.ia 

BiUI 


BiUI 

BUI 

BliU 

BSil 

Bilil 


beeh 

BSSifl 

BUI 

1 

BUI 


BU 


■nn 


BEliU 

mil 

BUI 

M-XfJ 


BUI 


Bssa 

■■I'KI 

BsUU 

BEiil 

BBU 


BUI 


BUI 

bhu 

BsiUl 

BUS 

beui 

BEEifl 

B&iJ 



Bill 

BUI 

BiUl 


beui 

»T:»M 

■fcrai 



■ l-M-J 

Bin 

BUI 



BiUI 


beeei 


BUI 


MH 

BUI 

bku 

M Hi) ■ 

B&ui 


beeei 


Basil 

BUI 

man 

BUI 

BlU 

BiUI 

»I=glB 




BUI 

BUI 

1 

BUI 

BUil 

17.77 

BUI 

beui 



bui 

■ l»r» 


BUI 

BE81I 

beui 

besu 

»M&*« 
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TABLE 18 • continued 


Year 

13 

14 

15 

16 

wm 

m 

19 

c N 

w 

(g> 

1972 

92.44 

76.96 

78.16 



■n-r.f 

■»X«« 

mmoyi 

k sim 

1973 

60.91 

57.32 

62.33 

29.39 

13.42 




mfliUI 

1974 

77.51 

67.29 

70.38 

30.53 

11.87 

1 .40 




1975 

10.20 

19.09 

18.77 

21.04 

10.39 

5.11 

0.37 



1976 

74.43 

78.71 

100.21 

47.63 

16.54 

1.61 

0.23 

409.56 

6.31 

1977 

92.84 

69.48 

71.75 

mm 

15.28 

2.56 




1978 






im 




1979 

tma 

mamern 

I2ES&I 






■xf 

1980 

217.60 




■Ulil 

3.89 


1008.89 








mxtm 













6.31 

1983 

580.40 

I24SI j 


4.78 

14.26 







wifnwim 

239.60 

55.01 

3.75 


0.00 



1985 

135.36 

■kimi 

129.65 


24.14 







mm 














10.15 

0.00 

805.14 

6.31 


■ iHtil 

1 19.80 



mSEI 

4.44 

0.00 


■ HEM 


mm 

120.40 

mm 

■ki-HIM 



0.00 


6.51 

1990 


48.46 


mfwym 

■:K>X1 

m*. r. ■ 

■'XOM 


■■HIM 

1991 

96.18 


133.63 


Wi-WLa 


mwi-m 

529.36 

6.72 

BEE2I 






11.53 





Spiny dogfish ageing is done using the spines (Ukraine) and age readings are quite unreliable. 
For this reason only data on catch size composition for the rest of the countries during certain years 
were available. For these years the size - age composition key prepared by Ukrainian colleagues was 
used and for other years, the age composition of the former USSR catches only. 

As a species with a long life span the spiny dogfish has a low natural mortality coefficient, 
being highest in the first year of life and lowest when attaining sexual maturity. According to 
Kirnosova (1990), the values of M, at the average for both sexes (by age groups), are as follows: 

(Table 19). 


TABLE 19. Natural mortality coefficients Iby age groups) of spiny dogfish 


Age 

M 

Age 

M 

Age 

M 

4 

5754 

10 

5757 

TS 

5735 

5 

0.20 

1 1 

0.05 

17 

0.60 

6 

0.14 

i"5 

6759 

18 

0.92 

7 

0.12 

T3 

0.16 

19 

2.84 

8 

0.10 

14 

0.49 



9 

0.09 

15 

1.51 




According to this author the high natural mortality of the 1 5 year old fishes is attributed to 
the great mortality rate of the males for which this is the definitive age. The same applies to the 
females but at age 19 years. As with many other fish species, the lower survival of males is due 
to the earlier attainment of sexual maturity - at age 10-11 years, while females start spawning at 
age 13-14 years. At these ages their values of M ranged from 0.03 to 0.05. 
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Kirsonova and Shlyakhov (1988) found that the spiny dogfish exploited stock comprises fish 
from 8 to 1 9 years. The younger age groups inhabit areas where no trawl fishery is carried out. 
Therefore, the trawl surveys covering the shelf area account only for the older age groups in the 
exploited stock. The Turkish size compositions show that irrespective of their inconsiderable 
quantities, fish at age 4-7 years are available in the catches. For these ages the following values 
for partial recruitment to the exploited stock (after Ukrainian data) were adopted: 


TABLE 20. Partial recruitment of spiny dogfish exploited stock 


Age 

Partial 

Recruitment 

Age 

Partial 

Recruitment 

Age 

Partial 

Recruitment 

4 

0.056 

10 

57745 

16 

T565 

5 

5?i45 

11 

51537 

17 

TT555 

6 

0.245 

12 

0.918 

18 

1.000 

7 

0.375 

13 

0.973 

19 

1.000 

8 

0.500 

14 

1.000 



9 

0.640 

15 

1.000 




Table 21, 22 and Figure 3 show the results of VPA performed by tuning of F„ for the oldest 
ages. From Table 21 and Figure 3 it is seen that the exploited stock has gradually increased till 
1981 when it reached its maximum of 226.7 thousand tonnes and then slowly decreased to 90.0 
thousand tonnes in 1992. The level of the mentioned stock was in accordance with that of its preys 
- whiting, sprat, anchovy and horse mackerel. The biomass of these species were at their maximum 
in 1978-1981 except for that of horse mackerel whose peak was in 1983-1985. 
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TABLE 22. Fishing mortality rate of spiny dogfish during 1972-1992 
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FIGURE 3. Spiny dogfish exploited biomass during 1972-1992 

The intensification of the spiny dogfish fishery during the period 1 979-1 984, when the total catches 
ranged between 6 419 and 12 254 thousand tonnes with a mean of 8 254 thousand tonnes, has 
contributed also to its stock decline. 

Kirsonova 11993) showed that the TAC for spiny dogfish had to vary from 5 to 6 thousand tonnes 
which corresponds to U =0.12 (this assessment in related to the former USSR coast). The attainment 
of the level U = 0.18 would lead to sharp decrease of stocks and after 10 years it would be cut by half, 
maintaing the trend towards further decline. For this reason the spiny dogfish fishery statistical data for 
the real catches, especially after 1989 has to be available. 

In Table 23 are shown both the VPA and Kirsonova's results (1993). 


TABLE 23. Spiny dogfish exploited biomass (thousand tonnes) 



Surveyed areas 

Exploited biomass 

VPA results 

Year 

(x 10 3 km 3 ) 

(thousand tonnes) 

(thousand tonnes) 

5553 

3775 

39.0 

206.4 

r§84 

34.8 

TO 

203.6 

5585 

351s 

45.6 

186.4 

1986 

30 

3775 

T7F73 

5557 

3574 

42.1 

T5775 

1988 

30 

46.7 

T30 

5553 

3315 

58.5 

117.8 

5555 

30 

68.7 

57375 

5555 

773 

T772 

3775 

1932 

3575 

62.9 

9575 


The results from VPA relate to the whole Black Sea. From the figures during the period 
considered, the exploited fish stock in the former USSR waters made up on average 31 .2% of the 
2total stock in the Black Sea. Bearing in mind the data of Kirsonova and Lushnikova (1990) for prey 
composition and quantities (by species) needed annually, the VPA results for the stock size of all 
fish species (reflecting the relationships predator-prey) were used in the multilinear correlation 
analysis to consider the impact of the various biotic and abiotic factors. The results are presented 
in a separate section where they are discussed in detail. 
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STURGEONS, FAMILY A CIPENCERIDA E 


Of the five sturgeon species inhabiting the Black Sea, the most abundant are: the Russian 
sturgeon, Acipenser guldanstadti, the starred sturgeon, Acipenser stellatus and the great sturgeon, 
Huso huso. The sturgeons spawn in the rivers Danube, Dnieper, Rioni and Kizil-lrmak, and form the 
separate populations or national stocks which compose the major component of sturgeon stocks 
in the Black Sea. That is why the main distribution and catches of these fish species occur in the 
north-western part of the basin (Avertsev, 1960: Ambroz and Kiriijuk, 1979; Kolarov, 1986; 
Shlyakhov and Akselev, 1993). According to FAO Fishery Statistics this yield comes from three 
areas: area 05 - Bulgaria and Romania; area 07 - former USSR and area 37 - Bulgaria, Romania and 
former USSR. 

The sturgeon catches during the period 1963-1992 are presented in Table 24. 

The expert assessment of the real level of sturgeon catches must take into consideration 
illegal poacher catches in the former USSR, but similar corrections for Bulgarian and Romanian illegal 
catches have not been included. 

According to data of trawl surveys (Ambroz and Kiriijuk, 1 969; Shlyakhov and Akselev, 1993) 
the stock sizes of sturgeons are given in Table 25. 

Trawl surveys are carried out in February and March. During the period 1 966-1981 the areas 
investigated covered almost all the wintering ground of the Russian sturgeon, starred sturgeon and 
the young individuals of the great sturgeon. Mature specimens of the great sturgeon from the 
Danube population winter at depths 60-120 m along the entire western coast , including the 
continental shelf off the southern Crimean waters. Therefore, the stock abundance of the great 
sturgeon is underestimated and this appraisal concerns mainly immature fish. The area investigated 
after 1981 is smaller and includes Kirkinitsky Bay and the western part of Tendra, covering almost 
completely the wintering grounds of the Russian sturgeon and also the main parts of the range of 
the starred sturgeon and the young fish of the great sturgeon. 
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TABLE 24. Sturgeon catches in the north-western part of the 
Black Sea and the Danube 


Year 

According to 
FAO statistics 

Sturgeons Russian 

sturgeon 

Expert assessment of the 
actual catches 

Sturgeons Russian 

sturgeon 

1964 

401.54 

21.07 

461.54 

Z633 

1965 

457.61 

28.32 

502.61 

35.41 

1966 

448.46 

26.20 

480.46 

32.75 

1967 

342.90 

72.00 

367.90 

90.00 

1968 

265.90 

21.60 

266.90 

27.00 

1969 

298.20 

28.80 

313.20 

36.00 

1970 

248.50 

23.74 

263.50 

29.73 

1971 

230.80 

30.24 

244.80 

37.80 

1972 

259.40 

29.52 

269.40 

36.87 

1973 

281.40 

24.48 

295.40 

30.60 

1974 

326.70 

42.48 

356.70 

53.10 

1975 

242.60 

39.70 

256.60 

49.48 

1976 

207.50 

29.37 

219.50 

37.40 

1977 

238.30 

69.98 

278.30 

97.90 

1978 

249.01 

65.69 

294.01 

96.49 

1979 

229.26 

44.08 

250.26 

63.74 

1980 

199.10 

67.91 

252.10 

101.62 

1981 

171.30 

60.91 

214.30 

87.62 

1982 

160.00 

60.28 

201 .00 

86.35 

1983 

155.00 

60.28 

196.00 

86.35 

1984 

151.00 

58.50 

190.00 

82.80 

1985 

119.00 

34.67 

183.00 

73.81 

1986 

89.00 

31.25 

125.00 

53.57 

1987 

98.00 

47.88 

153.00 

79.65 

1988 

90.00 

44.96 

151.00 

85.43 

1989 

61.00 

28.25 

106.00 

60.62 

1990 

87.00 

51.89 

134.00 

88.48 

1991 

32.00 

23.58 

87.00 

67.73 

1992 

130.00 

90.80 

208.00 

138.31 


42.00 

24.04 

323.00 

194.42 
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TABLE 25. Sturgeon numbers (x 10 specimens - all species of ages 1-33) in the north- 
western part of the Black Sea (according to trawl surveys) 


Year 

Russian 

sturgeon 

Starred 

sturgeon 

Great sturgeon 

Total 

N B 

6 

(x 10 ) 

(th. tonnes) 


UH55 

5773S 

0"284 

1.219 

21.4 


0.768 

1.280 

0 512 

2.560 

32 6 

1981 

0.616 

1.792 

0.392 

2.800 

34.7 

1984 


TTT50 

0.250 

2.950 

15.5 

1987 


TT540 

0.280 

3.520 

20.3 

1991 


035 

0.140 

4.970 

34.7 

1992 

4.200/ 

0.310* 

1.100 

0.060 


m 

1993 


1.980 

0.130 




* - the total abundance 1 1 -33 years old) is indicated in the numerator and those of exploited 
stock (14-33 years old) - in the denominator. 

Russian sturgeon from the Danube stock are caught in the Danube river and the western part 
of the Black Sea. The spawning biomass includes only specimens older than 13 years, but the 
exploited biomass includes the species older than 10 years. Hence the exploited biomass includes 
also 10-12 years old fish. Some of these are immature but are subject to the commercial fishery, 
and therefore the biomass of the 10-12 year old fishes were added to those of the mature fishes 
(spawning biomass). They do not include fish raised in hatchery in the Azov Sea. 

A continuous set of data on the age composition of catches of the three species in question 
is available only for the Russian sturgeon. The stock assessment of this species, Acipencer 
guldanstadti was carried out using the software package ANACO (Mesnil, 1 989) which permits 
tuning of VPA by doing multiple of iterations to eliminate the bias when determining the initial value 
of fishing mortality coefficient (F„). The natural mortality rate adopted is 0.05, and the mean weight 
by ages is obtained from the von Bertalanffy's equation (Domashenko and Akselev, 1993): 
k = 0.059; t 0 = -0.722: W„ = 69.8 kg. These assessments showed that the choice of F„ value 
has almost no influence on the final results for the sturgeon's biomass from the Danube population, 
as the share of the Dnieper population is insignificant. Nevertheless it comprises 20-24% of fish 
concentrations on the overwintering grounds (Shlyakhov, 1994) (Tables 26, 27 and Figure 4). 
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FIGURE 4. Spawning and exploited biomasses tin tonnes) of Russian sturgeon Irom the Danube 
stock during 1967-1992 
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TABLE 27. Fishing mortality rate (by ages) of the Russian sturgeon from the Danube 
stock during the period 1963-1992 


Year 

re 

n 

re 

re — 


re 

re 

T 7 

re 

re 

1963 

0.004 

0.036 

0.062 

0.064 

0.093 

0.156 

0.095 

0.142 

0.123 

0.091 

1964 

0.005 

0.045 

0.086 

0.072 

0.127 

0.199 

0.125 

0.161 

0.152 

0.117 

1965 

0.005 

0.038 

0.075 

0.068 

0.096 

0.186 

0.109 

0.146 

0.116 

0.099 

1966 

0.014 

0.108 

0.199 

0.185 

0.295 

0.463 

0.336 

0.428 

0.343 

0.234 

1967 

0.005 

0.032 

0.068 

0.068 

0.103 

0.150 

0.095 

0.142 

0.114 

0.079 

1968 

0.004 

0.051 

0.076 

0.068 

0.104 

0.176 

0.116 

0.157 

0.148 

0.104 

1969 

0.004 

0.028 

0.075 

0.053 

0.079 

0.130 

0.085 

0.119 

0.099 

0.084 

1970 

0.005 

0.043 

0.062 

0.082 

0.096 

0.343 

0.094 

0.131 

0.115 

0.085 

1971 

0.002 

0.035 

0.085 

0.051 

0.117 

0.143 

0.104 

0.112 

0.096 

0.069 

1972 

0.003 

0.014 

0.051 

0.052 

0.058 

0.149 

0.067 

0.106 

0.068 

0.054 

1973 

0.004 

0.032 

0.041 

0.083 

0.131 

0.152 

0.153 

0.142 

0.141 

0.079 

1974 

0.002 

0.026 

0.053 

0.031 

0.099 

0.195 

0.081 

0.186 

0.100 

0.090 

1975 

0.003 

0.012 

0.034 

0.033 

0.033 

0.112 

0.086 

0.073 

0.110 

0.050 

1976 

0.007 

0.073 

0.054 

0.075 

0.124 

0.125 

0.171 

0.299 

0.142 

0.208 

1977 

0.010 

0.057 

0.134 

0.044 

0.107 

0.193 

0.069 

0.226 

0.263 

0.098 

1978 

0.005 

0.068 

0.091 

0.077 

0.040 

0.107 

0.084 

0.053 

0.120 

0.131 

1979 

0.015 

0.059 

0.152 

0.094 

0.175 

0.093 

0.096 

0.144 

0.060 

0.133 

1980 

0.001 

0.030 

0.032 

0.053 

0.075 

0.178 

0.036 

0.128 

0.160 

0.053 

1981 

0.001 

0.004 

0.055 

0.045 

0.189 

0.220 

0.191 

0.059 

0.087 

0.079 

1982 

0.006 

0.144 

0.094 

0.221 

0.136 

0.380 

0.127 

0.173 

0.020 

0.031 

1983 

0.022 

0.111 

0.257 

0.127 

0.307 

0.140 

0.145 

0.058 

0.031 

0.005 

1984 

0.073 

0.067 

0.093 

0.087 

0.017 

0.151 

0.034 

0.111 

0.085 

0.127 

1985 

0.068 

0.049 

0.044 

0.063 

0.059 

0.011 

0.105 

0.022 

0.074 

0,056 

1986 

0.054 

0.092 

0.065 

0.058 

0.084 

0.078 

0.014 

0.148 

0.028 

0.028 

1987 

0.014 

0.029 

0048 

0.028 

0.031 

0.044 

0.044 

0.015 

0.070 

0.070 

1988 

0.018 

0.014 

0.218 

0.048 

0.027 

0.030 

0.044 

0.044 

0.030 

0.020 

1989 

0.016 

0.027 

0.020 

0.041 

0.083 

0.039 

0.044 

0.065 

0.065 

0.014 

1990 

0.014 

0.015 

0.021 

0.016 

0.033 

0.059 

0.031 

0.035 

0.053 

0.054 

1991 

0.015 

0.029 

0.062 

0.057 

0.079 

0.081 

0.174 

0.147 

0.050 

0.054 

1992 

0.029 

0.060 

0.080 

0.082 

0.103 

0.138 

0.083 

0.085 

0.066 

0.057 
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Table 27 - continued 


Year 


21 

— 22 — 

— 23 - 

— 2 ^ 

K 

26 

27 

28 

-5srr- 


0.047 

0.047 

0.046 



0.056 

0.115 

0.081 

0.067 




0.060 

0.057 

0.068 

0.061 

0.073 

0.086 

0.190 

0.086 

0.086 


0.054 

0.052 

0.051 

0.058 

0.054 

0.057 

0.070 

0.082 

0.072 

0.072 


0.137 

0.138 

0.132 

0.159 

0.140 

0.172 

0.195 

0.246 

0.192 

0.192 


0.037 

0.037 

0.040 

ESI 

0.042 

0.049 

0.062 

0.071 

0,059 

0.059 


0.49 

0.044 

0.046 

cal 

0.052 

0.064 

0.075 


0.075 

0.075 


0 043 

0.037 

0.033 

■Mil 

0.038 

0.045 

0.056 

0.067 

0.057 

0.057 


0.052 

0.050 

0.043 

0.044 

0.045 

0.056 

0.064 

0.080 

0.065 

0.065 

1971 

0.039 

0.045 

0.042 

0.045 

0.036 

0.047 

0.059 

0.072 

0.057 

0.057 

1972 

0.029 

0.030 

0.032 

0.036 

0.031 

0.033 

0.043 


0.042 

0.042 

1973 

0.044 

0.046 

0.045 

0.064 

0.056 

0.061 

0.060 

0.082 

0.070 

0.070 

1974 

0.035 

0.037 

0.038 

0.047 

0.059 

0.067 

0.073 

0.076 

0.058 

0.058 

1975 

0.032 

0.024 

0.025 

0.031 

0.029 

0.041 

0.047 

0.052 

0.045 

0.045 

1976 

0074 

0.079 

0.054 

0.070 

0.068 

0.084 

0.125 

0.114 

0.105 

0.105 

1977 

0.107 

0.058 

0.071 

0.060 

0.059 

0.076 

0.096 

0.150 

0.110 

0.110 

1978 

0.031 


0.045 

0.070 

0.032 

0.041 

0.055 

0.070 

0.078 


1979 

0.107 


0.100 

0.060 

0.071 

0.057 

0.075 

0.101 

0.085 

B'.v-H 

1980 

0.100 

Ed 

0.058 

0.176 

0.074 

0.120 

0.094 

0.127 

0.119 

0.119 

1981 

0.018 


0.100 

0.044 

0.109 

0.057 

0.094 

0.072 

0.066 

0.066 

1982 

0.016 

0.007 

0.024 

0.049 

0.016 

0.055 

0.028 

0.048 

0.025 

0.025 

1983 

0.003 

0.004 

0.002 

0.007 

0.012 


0.018 

0.009 

0.009 


1984 

0.012 

0.049 

0.102 

0.032 

0.115 

0.120 

0.071 

0.060 



1985 

0.087 

0.006 

0.032 

0.069 

0.020 

0.081 


0.047 

0.054 

0.000 

1986 

0.074 

0.118 

0.008 

0.041 

0.091 

0.025 

0.108 

0.114 

0.062 

0.062 

1987 

0.057 

0.039 

0.134 

0.011 

0.040 

0.046 

0.042 


0.059 

0.059 

1988 

0.057 

0.057 

0.039 

0.147 

0.011 


0.046 


0*.056 

0.056 

1989 

0.060 

0.060 

0.087 

0.058 

0.246 

0.015 

0.058 


0.065 

0.065 

1990 

0.089 

0,089 

0.046 

0.073 

0.047 

0.238 

0.012 

K 1 *1 iM 

0.056 

0.056 

1991 

0.027 

0.027 

0.032 

0.044 

0.091 

0.061 

0.238 

0.018 

0.057 

0.057 

1992 

0.056 

0.056 

0.056 

0.065 

0.055 

0.062 

0.066 

0.065 

0.058 

0.058 


When comparing the assessment of sturgeon abundance by trawl surveys with that obtained 
using VPA, and taking into account the poacher's catches, one can see that they are very close, 
310 x 10 3 and 259 x 10 3 (numbers), respectively - for fish over 14 years old. The difference is 
higher during the period 1981-1991, but the assessments have the same increasing trend . 
Probably the difference in estimates is due to the lack of precise determination of the poacher's 
catches by Ukraine and Russia, which is not determined at all in Bulgaria and Romania. As was 
stated the trawl surveys are carried out in February-March; i.e. their estimates include fish from 
the Dnieper population (about 20-24% of the numbers on the wintering grounds). Irrespective of 
the differences in estimates pointed to, the results from VPA, comprising also poacher's catches, 
and confirm the conclusions of different authors (Ambroz and Kiriljuk, 1969; Domashenko and 
Akselev, 1990) in accounting for increase in sturgeon abundance after 1970. Moreover the 
assessments show unambiguously the great importance of correct fishery statistics data, since 
without an account of poacher's catches, the size of exploited and spawning biomasses are 
considerably underestimated, particularly during the period 1991-1992. The underestimates are 
26.6 to 41 .6 times for the exploited stock, and 22.0 to 36.2 times for the spawning biomass. 


According to Domashenko and Akselev (1990) , the exploited stock includes fish older than 
10-11 years, since males attain sexual maturity at age 8-11 years, and females at age 13-15 
years. Therefore, the spawning stock includes fish older than 13 years. Following the authors 
mentioned the exploited biomasses (B10 + ) in 1984-1987 were 5.0 and 8.6 thousand tonnes 
respectively, averaging 6.8 thousand tonnes. Our results for the same years are 4.6 and 5.6 
thousand tonnes, respectively, averaging 5.1 thousand tonnes i.e. 25% lower than those obtained 
by Domashenko and Akselev (1990). Concerning the year 1992, the differences are still smaller - 
6.1 and 4.9 thousand tonnes, respectively (19.7%). The first value is based on Shlyakhov's data, 
from trawl surveys carried in 1992. 
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The lower estimate (20-25%) of the sturgeon biomass from the Danube population (by VPA 
method) probably is due to the above mentioned fact, that trawl surveys are conducted through 
the winter months when the percentage of the fish from Dnieper population is only around 20-24%. 

For the purpose of forecasting the future state of the sturgeon stock in the Black Sea it is 
necessary to consider in more detail its reproduction under natural and artificial conditions. After 
construction of Kahov’s water-power system (a dam and network of canals) on the Dnieper, the 
length of the Russian sturgeon spawning ground (the starred sturgeon and the great sturgeon 
spawn mainly in the Danube) was reduced with about 75 km. The chief spawning grounds became 
inaccessible for mature fish and the Dnieper lost its previous importance as place for natural 
reproduction of sturgeons. Under these conditions the Danube remained the only big river where 
this fish species continues to spawn. 

Basing on the data of the Odessa branch of YugNIRO which carries out permanent monitoring 
of the new year class abundance, it is concluded that the sturgeon’s natural reproduction in the 
1980s has been more successful than during the period 1966-1980 (Table 28). 

Comparing the density of the down stream dispersal of young sturgeon during the period 
1966-1982, (which provides an index of the strength of the corresponding year classes) with the 
abundance of 10 - year - old fish during the period 1976 - 1992 (by VPA data) a common trend is 
apparent in their dynamics. Therefore there are good reasons to suppose that in the mid - 1 990s 
the sturgeon stock will be recruited by strong year classes. In the beginning of the XXIth century, 
the species biomass will increase still more on account of additional reproduction of sturgeon at the 
Dnieper fish-farm. These optimistic forecasts would come true only on condition that fundamental 
measures against the poacher's catches in all Black Sea countries are undertaken however. In this 
respect the main responsibility falls on the corresponding institutions in Ukraine, as it is in its waters 
that the mam nursery and wintering grounds of Russian sturgeon and starred sturgeon are situated. 
Another important problem are conditions provoking mass mortality of benthic organisms, since the 
sturgeon feeds on molluscs (42.6 to 94.6%), worms (0.0 to 29.6%) and crustaceans (0.0 to 
33.2%). The percentages shown in brackets of the different prey items in the sturgeon diet vary 
with the size of the fish. The most affected from these groups of organisms are the molluscs and 
the crustaceans, which lead to a decline in the food level of these fish species. The starred sturgeon 
forages primarily on worms (from 31 .6 to 78.8%), and crustaceans (ranging from 1 7.2 to 51 .2% 
of its diet depending on fish size); the great sturgeon feeds on fish (4.8 to 100.0%) and 
crustaceans (0.0 to 95.2%), also depending on the fish size. Therefore the negative changes in any 
of the links in the ecosystem inevitably affect one way or another all living organisms inhabiting 
the relevant basin. This fact is verified by investigations carried out in 1992 (Shlyakhov's data - 
YugNIRO) showing that presently only 4 invertebrate species are found in the sturgeon diet - 
2 polychaete , 1 crustacean and 1 mussel species, while previously 1 8 species of macrobenthos 
contributed to the sturgeon diet. 
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TABLE 28. Indices for natural (the Danube river) and artificial (the Dnieper river, Dnieper 
sturgeon fish-farm) reproduction of sturgeon in the north-western part of the 
Black Sea 


Year 

Natural reproduction 
(specimens/hectare) 
Russian starred great 

sturgeon sturgeon sturgeon 

Artificial reproduction 
(x 10 specimens) 

3515 

JOT 

0711^ 

5721 


196? 

3725 

5.94 

2153 


T551 

E5725 

3.89 

0720 

‘ 

1969 

1.18 

4.59 

07 

* 

T570 

0731 

4.08 

07 

- 

T971 

0.05 

0.15 

05 

- 

1975 

8.50 

3.04 

09 


T573 

T51 

2.96 

0731 

- 

T573 

1.10 

4.06 

- 

' 

1 975 

27U5 

4.33 

- 

- 

T571 

1.91 

3.48 

- 

* 

T577 

5.51 

9.36 

5753 

■ 

T57B 

5155 

4.32 

0.49 

’ 

T573 

1720 

0.60 

57TO 


T5!0 

TB5 

5.03 

05 

- 

1551 

3715 

03 

1.64 

- 

T5!2 

5.53 

10.25 

1.63 

- 

1553 

12.85 

2.38 

8.57 


1555 

03 

15.18 

14.75 

1 .747 

1986 

7.14 

6.72 

157H 

57588 

T9S7 

13739 

1 5.00 

3731 

575T3 

1988 

11739 

16.01 

T3739 

1 .958 

1555 

no data 

no data 

no data 

1.044 

1555 

no data 

no data 

no data 

013 

1551 

no data 

no data 

no data 

T139 
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BLACK SEA SHAD, ALOSA KESSLER I PONTICA EICHWALD 


In the Black Sea only representatives of the genus Alosa exist; the commercially most 
important being the shad (also called the Danube scomber) - Alosa kessleri pontica = Alosa pontica, 
according to FAO Fishery Statistics. The taxonomic position of the shads is quite complicated but 
relying on the FAO Yearbook of Fishery statistics we assign the catches of the remaining species 
or subspecies to Alosa spp. 

The Black Sea shad is an anodromous fish undertaking spawning migrations in rivers, mainly 
in the Danube. The main part of the stock winters off the Turkish coast, and in the early spring 
migrates along the Bulgarian and Romanian coasts towards Danube river. The fish enters the river 
delta during the second half of March when the water temperature Is 4-6 °C (Serdjuk, 1979; 
Kolarov, 1986). 

The fishery for shad is carried out in the sea (with trap-nets), as well as in the river, and this 
is why its catches are assigned to two areas - area 05 (Bulgaria, Romania and former USSR) and 
area 37 (Bulgaria, Romania, Turkey and former USSR). Ukrainian catches have always been realised 
mainly in the Danube, and to a considerably lesser degree in the river Dnestra (area 07). During the 
period 1987-1992, Turkish catches exceeded 1 000 tonnes, and in the FAO Fishery Statistics, 
these catches are related to Alosa spp. The greater amount of Turkish catches are made on the 
eastern Anatolian coast, and for this reason it is unlikely that these catches are from the Danube 
population of the Black Sea shad. This is the reason also why the part of Romanian catches related 
to Alosa spp. according to FAO, are not included. The Romanian statistic show that during the 
period 1970-1992, the following amounts of clupeoid fish are caught: (Table 29) 


TABLE 29. Romanian shad (genus Alosa) catches during 1970 - 1992 


Year 

Alosa 

pont. 

Alosa 

caspia 

Year 

Alosa 

pont. 

Alosa 

caspia 

Year 

Alosa 

pont. 

Alosa 

caspia 

TS7Cl — 

21 1 

77 

1978 

247 

137 

1986 

- 

1137 

1971 

375 

i"3B 

1979 

471 


1987 


— 1357 ' 

1972 

311 

95 

1980 

392 


1988 


355 

1973 

726 

T85 

1981 

251 

332 

1989 

5 

223 

1974 

575 

2T5 

1982 

232 

554 

1990 

- 

T35 

1 975 

2158 

540 

1963 

235 

555 

1991 

- 

255 

1976 

534 

451 

1984 

236 

551 

1992 

13 

55 

1 977 

640 

161 

1985 

145 

345 
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In Table 30 the total Black Sea shad catches ( A.pontica ) in area 05 and 37 are presented. 


TABLE 30. Total Black Sea shad catches (tonnes) during 1970-1992 


Year 


Year 

A.pontica 

Year 


T575 

T573 

T575 

3355 

T555 

555 

T57T 

TS53 

T575 

5555 

3557 

755 

T575 

T55i 

3555 

1 475 

T555 

1 695 

T573 

5555 

3551 

3553 

T555 

555 

T574 

3351 

3555 

5555 

T555 

5T7 

T575 

6043 

3353 

5155 

3551 

414 

T57B 

3845 

3553 

5535 

3555 

T557 

wn 

35T5 

3555 

3751 




Stock assessments of Black Sea shad by VPA are available from the monograph of Ivanov and 
Beverton (1985) and also from Kolarov's doctorate thesis (1986). 

Our own assessment concerns the period 1970-1992 and is based on the following data: 

- the age composition for the period 1970 - 1982 follows Kolarov's doctorate thesis, and for the 
period 1983-1992 from summarised data of Shlyakhov and Maxim 


- the natural mortality coefficients by age group is after Ivanov and Beverton (1985) 

- the values of total mortality coefficient are computed on the base of age composition using 
regressions 

- the mean value of M was subtracted from the obtained values of 2 in order to get the initial 
values of F„ 

- the weight by age classes are summarised using Bulgarian, Romanian and Ukrainian data 

The assessments are carried out by means of the software package ANACO with tuning of F 
values. The results from the analysis are presented in Tables 31 and 32, Figures 5 and Figure 6. 
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TABLE 31 . Stock assessment (x 10 6 specimens) of A. pontica in the Black Sea during 1970-1992 


Year 

1 

2 

— T— 


5 

6 

7 



11.477 


h-ik im 

4.717 

0.389 

0.000 

PI 

56.520 

28.397 

8.084 

6.806 

2.027 

1.775 

0.023 

uBm 

67.136 

39.829 

20.003 

4.634 

1.836 

0.427 

0.138 

mSm 

46.647 

47.309 

27.991 

10.715 

2.189 

0.667 

0.015 

Kill 

35.557 

32.852 

33.113 

16.051 

4.376 

0.508 

0.035 


24.593 

25.057 

22.924 

14.309 

6.410 

1.570 

0.000 

KSI 

28.985 

17.329 

17.464 

8.697 

2.390 

1.437 

0.053 

Iftfl 

31.099 

20.423 

11.951 

6.834 

1.173 

0.347 

0.053 

lrn : l 

21.652 

21.911 

13.827 

3.154 

1.172 

0.296 

0.027 

mm 

38.127 

15.245 

14.808 

5.583 

1.106 

0.458 

0.013 

wEM 

39.764 

26.866 

10.293 

3.452 

0.742 

0.316 

0.022 


26.788 

28.021 

,18.691 

4.533 

1.930 

0.043 

0.000 

19 

19.848 

18.873 

19.522 

9.618 

1.738 

0.420 

0.000 

1983 

22.775 

13.946 

12.972 

7.893 

3.685 

0.519 

0.000 

1984 

13.416 

16.018 

9.658 

5.339 

2.473 

1.490 

0.000 

1985 

17.693 

9.426 

11.118 

4.689 

0.841 

0.431 

0.000 


13.325 

12.442 

6.154 

5.004 

0.577 

0.140 

0.030 


12.101 

9.375 

8.709 

3.021 

1.810 

0.084 

0.000 

■ 

8.650 

8.517 

6.537 

5.282 

0.777 

0.772 

0.000 

■ 

12.748 

6.072 

5.903 

3.075 

0.326 

0.056 

0.046 


4.355 

8.975 

4.242 

3.669 

0.723 

0.061 

0.000 


18.523 

3.056 

6.225 

2.704 

0.500 

0.050 

0.000 


7.738 

13.047 

2.1 10 

4.261 

0.970 

0.105 

0.000 

1993 


5.440 

9.088 

1.184 

0.769 

0.140 

0.003 


TABLE 32. Fishing mortality rate of A. pontica during 1970-1992 


Year 


HUES 

Year 


KH 


mtm 

mam 






ggiEUI 









































HH 


HH 





0.261 
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FIGURE 5. Total and spawning biomass of A. pontica Itonnes) 
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FIGURE 6. Exploited biomass (by age groups) of Black Sea shad ( A . pontica ) 
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Table 32 shows the estimates of F„ and also the mean weight values of F 3 _ 6 following iteration 
procedures. In Figure 5 are shown the fluctuations in the total (B1 + ) and in the spawning (B3 + ) biomasses 
of the Black Sea shad during the period 1 970- 1992. Figure 6 presents the results from VPA for the biomass, 
by age groups. The assessments shown have a similar trend to Kolarov's estimations (Kolarov, 1 986), but 
they differ in absolute values our assessments being considerably higher. The principal reason for these 
differences is that Kolarov uses the mean value of the coefficient M and does not make tune the VPA by 
the corresponding iterations for F„ values. Our estimate is very close to that obtained by Ivanov and 
Beverton (1985) who use considerably higher values for M for the oldest age groups in order to explain the 
sharp decrease of abundance in the catches. According to the authors mentioned, the total shad biomass 
in 1 968 and 1 974 was 2 957 and 20 007 tonnes, respectively. Our estimates show that the total biomass 
in 1973 and 1974 was, respectively, 20 664.9 and 18 759.3 tonnes, i.e. very close to the corresponding 
value for 1974 stated by Ivanov and Beverton (1985). 

The stock-recruitment relationship of Black Sea shad was derived on the basis of VPAs results for 
recruitment (R-1 year old fish) and spawning biomass (Br) during the previous year. The data used are 
presented in table 32b. 

TABLE 32b. Data points used in Figure 7 


Years 

R 

Br 

Years 

R 

* 1 

T57T 

56.520 

7968.5 

T552 

19.848 


T373 

67.136 

6387.6 

T553 

22.775 

10601.5 

T573 

46.647 


TS54 

13.416 

7393.8 

1974 

35.553 

16973.4 

1 985 

13.633 

6964.0 

T575 

24.593 


T555 

13.325 

51 42.7 

T578 

28.995 

13816.5 

T557 

12.101 

4131 .5 

wn 

31.099 


TU55 

8.650 

4336.4 

T§78 

21.652 

8086 ^ 

T5T53 

12.748 

4583.7 

nrra 

38.127 

6519.7 

T55J5 

4.355 

3238.6 

T555 

39.764 

5389.1 

f55i 

18.523 

3360.6 

nnn 

26.788 

7365.5 

1552 

77735 

3640.6 


Figure 7 shows the relationship between the biomass of fish older than 2 years (according to Kolarov, 
1986 over 95% of 2 year old fish have reached sexual maturity), and the abundance of 1 year old fish 
during the Jtjjlowing year. It is seen from the figure that the goodness of fit (r) for Ricker's equation 
(R = a.E.e ) is 0.3355, i.e. the impact of the environment is much more significant than the size of the 
parent stock. The pararrgters of Ricker's equation found are as follows: a = 6.1841; b - -0.00005697; 
R max = 39933.4 x 10 specimens of 1 year old fish; B 0 p t = 17553.1 tonnes spawning biomass. 
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FIGURE 7. Stock-recruitment relationships of Alosa pontica 


Ivanov and Kolarov (1979) established the existence of inverse interrelationships between catch size 
and solar activity (measured from the number of sun spots the Wolfs number). In order to explain this 
phenomenon, these authors suppose that in years of transition from maximum to minimum solar activity, 
more favourable conditions for shad are created. The same authors, as well as Ivanov and Beverton ( 1 985), 
point out that the historical data for Wolf's number not only confirms this cyclic recurrence, but may even 
precede an increase of catches for the next cycle. This conclusion was arrived at on the basis of existing 
data for the period 1 927-1979. Other authors (Vladimirov, 1 953; Moroz and Krotov, 1 969) draw attention 
to the fact that when the water level of the Danube river is high during spring and summer, it coincides with 
appearance of a strong year class and after some years leads to increased shad catches. 
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BLACK SEA ANCHOVY, ENGRAULIS ENCRASICOLUS PONTICUS ALEKSANDROV 

Recently the Black Sea anchovy has been considered one of the populations of the European 
anchovy, Engraulis encrasicolus Linneaneus, by some authors (Lindberg, 1 980; Tshashchin, 1 985; 
Dobrovolov, 1988; Dobrovolov and Mikhailov, 1990), while others consider it a distinct subspecies 
(Fage, 191 1; Aleksandrov, 1927; Pusanov, 1936; Svetovidov, 1948; Rass, 1987; Prodanov et at. , 
1993). 

Commercially and ecologically, the Black Sea anchovy is the fish species of primary 
importance in the basin. Being most abundant, it has traditionally supported the largest commercial 
fishery in the Black Sea. The anchovies low trophic position gives it a significant role as a 
component of the energy flow to higher levels, thus considerably affecting the ecosystem as a 
whole. On this account, there has been extensive interest in this fish and appreciable effort was 
devoted to studying its biology, ecology and exploitation parameters. 

Recent research advances work concern the discovery of hybridisation between the Black Sea 
and Azov anchovy populations (Tchashchin, 1985; Mikhailov and Dobrovolov, 1990), Moreover, 
migrations of Azov and/or hybrid types were established through electrophoretic and morphometric 
studies along the Bulgarian coast, primarily during autumn and winter (Mikhailov and Dobrovolov, 
1991). 

The anchovy is known to mature at 1 year of age but since 1 987 young-of-the-year anchovies 
(some months after hatching) were detected maturing and spawning in the north-western part of 
the basin (Mikhailov, 1991; Lisovenko et a/., 1993). 

The co-existence of two populations (Black Sea and Azov stocks) in the Black Sea and the 
high fluctuations in anchovy stock biomass, enforced the applying of new and more reliable 
methods of surveying and assessment of anchovy resources. Since 1 978 regular echo-acoustic and 
(since 1980), echo-integrator surveys have commenced off the Caucasian and Crimean coasts 
during the wintering period (November-April) carried by YugNIRO (Ukraine). They aimed at 
investigating the distribution, and obtaining separate estimates of the two stocks, thus providing 
the possibility of rationalising their fisheries (Artyomov and Tchashchin, 1 982; Tchashchin, 1 990). 
Since 1984 joint (the former USSR and Bulgaria) echo-integrator surveys have been carried out off 
the Bulgarian coast, which showed relatively good anchovy concentrations even at the beginning 
of the autumn migration. For instance, the biomass early in September 1984 was estimated at 32 
thousand tonnes. 

Since 1 987 regular ichthyoplankton surveys have been conducted by YugNIRO. Both Bulgaria 
and Romania have joined consecutively in 1989 and 1990. Their final goal was to assess the 
spawning biomass by Parker's "egg production method" (Parker, 1980) (Arkhipov et at., 1992; 
Mikhailov era/., in press) successfully used for other anchovy stocks (northern anchovy, Peruvian 
anchovy, etc,). The results obtained show a drastic decline of spawning biomass after 1 988: 1 988 - 
235 000; 1989 - 32 000, 1990 - 48 000, and 1991 - 92 000 tonnes in the Black Sea. 

The research performed revealed the negative natural and anthropogenic impacts due to the 
Mnemiopsis outburst and anchovy over-fishing, in particular); simultaneously acting on the anchovy 
stock size and population structure. 

Table 33 shows the anchovy catches by countries during fishing seasons 1967/1968 - 
1993/1994 
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TABLE 33. Black Sea anchovy catches (tonnes) during (ishing seasons 1967/1968 - 
1993/1994 



It is clear that both Romanian and Bulgarian catches (in the western part of the Black Sea, only) 
represent insignificant proportions of the total catches; on average 1 .03%. The Romanian catches 
are taken in April-December but mainly in May-August. They were distributed by months, as 
follows (in %); 


Months 

IV 

D 

VI 

VII 

VIII 

IX 

D 

XI 

XII 

Total 

% 

0.87 

17.8 

5 

25.7 

0 

33.52 

14.87 

6.69 

0.47 

0.02 

0.01 

100 


The Bulgarian monthly catches were, respectively: 


Months 

IIVJ 

Y. 

1 Vl 1 

IV8J 

1 vin 1 

1 lx 1 

1 x 1 

rxrn 

IXMJ 


55 










hju 
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The Turkish and former USSR yields (in the eastern part of the Black Sea) have always been 
dominant. The fishery is carried out in October - April, but mostly from December March 
(96.03%). The former USSR catches distributed by months are the following (in %): 


Months 

1 * 1 

— 50 — 


rzn 

'} 


nn 


% 


2.80 








The monthly catch distribution for Turkey is similar. However, during the last two fishing 
seasons a significant shift in the catch distribution by quarters has been observed (catches in %): 


Quarters 

50501 

rm 

IV-VI 


Total 


66.50 

33.50 

5t5<5 

+ 

100.00 


85.88 

m2 

0.06 


106.66 


From the figures given it is apparent that during the two fishing seasons mentioned the 
catches were obtained, as early as October-December, averaged 76.19%, while those in January- 
March sharply decreased, averaging 23.81 %. Such variations in catches are normal for all regions 
under consideration. Various causes may be responsible for this, beginning with the environmental 
conditions and ending with the stock size in different years. For instance, during the last few years 
(1990-1992) when the anchovy total and spawning biomasses dropped dramatically, its catches 
in the western part of the Black Sea were negligible. For the occurrence of dense concentrations, 
amount of fat deposited in the fish and the sea water temperature, are of great importance . The 
data from research surveys showed that 1 + and 2 + year old fishes begin to form schools at water 
temperatures 1 4-1 6”C when the fat content reaches 12-17%. ForO+ year old fishes, the indices 
are 10.5-13°C and not less than 13% fat, respectively. All this inevitably affects the period of 
migration of the particular age groups, as well as the migration of the different cohorts of 0 + year 
old fishes. 

Figure 8 shows anchovy stock size during the 1 967/1 968 - 1 993/1 994 fishing seasons (three 
estimates were carried out). Two of them were performed with software package ANACO (Mesnil, 
1989) and the third by the modified equation of Baranov (Shlyakhov era/., 1990). The former two 
differ between them primarily by the approach to defining the initial F„ values: (The initial F value 
for oldest age groups). In the first estimate the values of F„ have been determined by regressions 
on the basis of the age composition of the catches. After that, iteration procedures were used to 
eliminate possible errors when computing F„. The background to this method is the assumption that 
fishing mortality rates have to be approximately equal for all fully available age groups in the 
exploited stock. In the second approach the F„ values were calculated on the basis of the 
regression between the estimated initial F„ values and Turkish fishing effort data. Hence, a 
correction of the F„ values was made (Table 34|. 

The results obtained from VPA show that the final estimates after 9-10 iterations (performed 
until the difference between the mean F values for ages 2+ and 3 + , become less than 0.01 for 
all fishing seasons) were almost equal during the period 1978/1979 - 1990/1991 . For this reason, 
two estimates only are presented in Figure 8, one from the VPA estimates, the other according 
to Baranov's equation as modified by Shlyakhov, Chashchin and Korkosh (1990). 
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TABLE 34. Values for anchovy fishing mortality rate during the period 1 967/1 968 - 1 993/1 994; 

F st - initial value for the oldest age group. The given values are estimated by the 
regression curves of catch age composition; F„. - F„ is specified by the regression 
curve of Turkish fishing effort data; F ^.4 and F-| .4 • were obtained by corresponding 
values of F„ and F n », respectively 


Fishing 

seasons 

K 

F 1-4 

F.t* 

F 1 -4* 

F 0-4 # * 

— 0 — 

1967/68 

0.3516 

0.2795 



06 

57T55 

1 968/69 

0.3300 

0.2308 



05 

0.159 

1969/70 

0.3790 

0.2217 



0.31 

0.186 

1970/71 

0.4374 

0.2987 



02 

0.192 

1971/72 

0.2346 

0.3433 



0.56 

0.304 

1972/73 

0.3778 

0.4286 



05 

0.374 

1973/74 

6.4607 

0.4845 



02 

0.289 

1974/75 

0.2940 

0.4992'" 



0.51 

0.285 

1975/76 

0.5265 

0.4976 



05 

0.394 

1976/77 

0.6190 

0.6193 



1.10 

57351 

1977/78 

0.5506 

0.3386 



0.75 

0.380 

1978/79 

0.5541 

0.2677 

0.3518 

0.2682 

OT 

0.326 

1979/80 

0.5887 

0.5565 

0.5282 

0.5569 

H55 

0.486 

1980/81 

0.6186 

0.4863 

0.5055 

0.4866 

05 

0.420 

1981/82 

0.4879 

0.5589 

0.5618 

0.5591 

03 

0.575 

1982/83 

0.4388 

0.5292 

0.5453 

0.5295 

02 

0.438 

1983/84 

0.51 36 

0.6705 

0.6039 

0.6709 

05 

0.556 

1984/85 

0.5152 

0.5428 

0.5034 

0.5429 

T55 

0.489 

1985/86 

0.5949 

0.7767 

0.7031 

0.7769 

2775 

0.754 

1986/87 

0.7888 

0.9492 

0.7733 

0.9496 

2155 

51 m 

1987/88 

0.8865 

1.6147 

0.9465 

1.6149 

1.20 

0.520 

1988/89 

0.7452 

6.8827 

0.8546 

0.8829 

2733 

0.713 

1989/90 

0.4325 

0.9310 

0.8573 

0.9912 

— 05 — 

0.655 

1990/91 

0.9145 

0.3920 

0.4424 

0.4832 

5155 

0.212 

1991/92 

0.4520 

0.4730 





1992/93 

0.3559 

0.4576 





1993/94 

0.3013 

0.3795 






U=Y/B; Y - catch per fishing season; B - exploited biomass at the beginning of the 
corresponding fishing season 

The mean values for Fq_ 4 . . (calculated from Shlyakhov et al. , 1 990) for ages 0 + to 4 + are 
believed to be fairly accurate because the equation Y = B. F IZ (1 - e ) is not equal to the 
equation C = N. F/Z (1-e ) - Prodanov and Kolarov (1983). 

The values of F,.* are means for ages 1 + to 4+ from age composition calculated by Taylor's 
method. 
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Table 34 shows that using this VPA approach, the initial values of F„ have no serious effect 
on the final assessment, with the exception of the last fishing season, data for comparison of the 
two approaches are available (1990/19911. The differences obtained during the mentioned later 
years (a major problem of VPA) were due to the fact that the year classes had not completed their 
life span, especially 0 + and 1 + year old fishes. All this reduces the accuracy of the forecasts for 
the stock size in the next fishing season. In this respect, estimations suggesting that the total 
anchovy biomass increased during the 1 993/1994 season, contain the highest possibility for error. 
That is why the catches predicted to be taken in the fishing season 1 994/ 1 995 will be of extreme 
importance for the accuracy of the appraisals made for the last two fishing seasons. This problem 
complicated still more if one considers that the catches do not always reflect exactly the stock size 
due to conditions determining the occurrence of dense concentrations susceptible to fishing. 
Therefore, there does not always exist a coincidence between Turkish and the former USSR data 
for catches per fishing vessel during 1981/1982 - 1988/1989. Similar comparison of the catches 
is at present impossible in view of the special situation in Georgia, as a result of which nowadays 
no foreign fishing can be carried out along its coast. This would incidentally favour recovery of the 
anchovy biomass. On the other hand, the Mnemiopsis biomass increased again (Table 13 ) during 
the summer of 1994 (preliminary Ukrainian data). 

This is the main reason why we suppose that the expected trend towards increasing anchovy 
biomass may change once more, since the fish has a short lifetime and the entry of even one weak 
year class would lead to a decline of the exploited stock. The positive effect diminished fishing 
effort, especially in unfavourable environmental conditions, is of great importance (Prodanov, 1 990) 
and this may be decisive for the anchovy biomass recovery. 

This has already been observed in the Sea of Azov where after cessation of the anchovy 
fishery for a few years, its stock increased considerably in spite of the high Mnemiopsis biomass. 

The third estimate was accomplished with the modified Baranov's equation. This method is 
based on anchovy spawning biomass data obtained early in May by trawl surveys, the catches, and 
the values of Z. Out of these three parameters, the highest errors come from the biased 
assessment of the spawning biomass. Estimates by their common trend with this method, are akin 
to those obtained by two previous approaches using VPA. However, they differ significantly in the 
absolute figures obtained. For example, according to VPA, the total biomass (Bq + ) in November 
1979 reached 1 791,5 thousand tonnes and then dropped to 237.3 thousand tonnes at the 
beginning of November 1 990. During the same years, the assessments by Baranov's equation were 
942.4 and 184.3 thousand tonnes, respectively. 

Figure 9 shows the results from VPA conducted by the usual approach, i.e. the computed 
values for F„ were not subject to additional iterations, except for those inherent to the method. 
These estimates do not differ essentially from those by the same method, but accompanied by 
additional iterations for reconciling the F values for fully recruited age groups. Thus, during the two 
years considered (1979 and 1990) the exploited anchovy biomass had been 1 765.0 and 262.4 
thousand tonnes, respectively. The assessment showing an increase of exploited biomass (389.1 
thousand tonnes) at the beginning of November 1993 then is akin to values obtained by the above- 
mentioned approaches to VPA, respectively. The same concerns the predicted spawning biomass 
(B1 +) at the beginning of the fishing season 1994/1995; notably 215.8 thousand tonnes. The 
lowest estimate comes from the approach that corrects the initial values of F„ by means of the 
regression between them and the Turkish fishing effort data. During the two years considered, the 
total biomass was as follows: 1979- 1 676.6 thousand tonnes and 1 990 -1 94.0 thousand tonnes. 

Each estimate was made using the following weights (g) in November: 


Age 

0 + 

1 + 

ST 

ST 

4 + 

Weight 

477 

11.9 

TO 

19.0 

SO 
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FIGURE 9. Exploited anchovy biomass during 1967 - 1993 (the values for F„ are not 
corrected by additional iterations! 


The data differ from those reported by Ivanov and Beverton (1985) primarily in the first two 
age groups. Later on, Ivanov and Mikhailov (1990) specified the growth rate of the youngest age 
class. The authors assumed that the larvae hatched (probably early in June), attained a weight of 
5.5 g at 1 50 days of age (i.e. early in November). Following the same approach the hatched larvae 
early in July and August would reach the same weight of 5.5 g in early December and January, 
respectively. However, the environmental conditions in the last two months are much less 
favourable for anchovy growth since it is a warm-water species. Therefore the late cohorts of 0 + 
year old fishes probably remain in Anatolian waters, while the early cohorts of the same year class 
mainly hibernate off the Georgian coast. This assumption is consistent with Turkish data for the 
distribution of age 0+ weights by months: 
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Recent data largely stemming from recent data on Turkish catches, suggest that the recovery 
of anchovy populations has been more pronounced. The spawning and exploited biomasses at the 
beginning of May 1993, and in the 1993 fishing seas on (November) is calculated to have reached 
297 and 637 thousand tonnes respectively, as opposed to earlier calculations which suggested 1 70 
and 340 thousand tonnes for these same quantities. 


Months 

Age 0 + - weights {gj 

November 

5737 

December 

3735 

January 

3733 

February 

3733 

March 

3737 

Average 

3735 


It is seen from Tables 37 and 38 that trends in anchovy stock size are akin to those 
determined by the above and differ only in absolute values. According to VPA conducted by season, 
the spawning and exploited anchovy stocks have ranged from 137.5 (1990) to 768.1 (1979) 
thousand tonnes and from 271 (1990) to 1 427.4 (1979) thousand tonnes (Figures 10 and 11). 
The steady decline in exploited biomass is associated with the poor environmental conditions in the 
Black Sea, and the outburst of the ctenophore Mnemiopsis leidyi, and the over-exploitation of the 
anchovy stock during 1987-1989. During the period in question the coefficient of exploitation (U 
= Y/B 0 + ) ranged between 0.422 and 0.567 with the corresponding F values 0.81 and 1.44, 
respectively. 
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TABLE 35. Number (x 10 specimens) of anchovy spawning (early May) and exploited 
stocks (early November) in the Black Sea 
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TABLE 36. Values of anchovy fishing mortality coefficient (by age) in the spawning and 
exploited stock during the period 1963-1993 ; V • May ; XI - November 
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TABLE 37. Anchovy spawning biomass (B, t in thousand tonnes) in early May 

during the period 1967-1993 


Year 

i 

5 

3 

3 

Total 


158.5 

531 — 


TO5 

553T! 


309.4 

82.4 

32.2 

14.6 

438.6 

H 

242.5 

198.9 

31.9 

10.9 

484.2 


241.8 

143.3 

96.3 

10.6 

492.0 


383.4 

136.2 

50.8 

38.8 

509.2 


213.1 

171.7 

46.4 

14.9 

446.1 


181.7 

105.0 

69.2 

11.5 

367.4 

■ 

193.3 

82.8 

37.5 

28.8 

342.4 


196.0 

95.1 

25.7 

8.4 

325.2 


227.4 

97.4 

27.2 

6.9 

358.9 


220.6 

101.8 

26.6 

6.9 

355.9 


295.1 

115.8 

39.5 

8.3 

458.7 


469.2 

170.5 

51.5 

16.9 

708.1 

1980 

434.4 

189.4 

67.5 

14.6 

705.9 


386.6 

187.1 

69.7 

23.8 

667.2 


310.8 

158.7 

59.1 

20.7 

549.3 

■ 

306.7 

142.1 

51.2 

15.3 

515.3 

H 

274.6 

119.6 

44.7 

12.4 

4 ^ 1.3 


329.9 

131.4 

37.5 

13.3 

512.1 


366.8 

127.9 

32.5 

7.7 

534.9 


339.5 

130.2 

25.2 

6.7 

501.6 


1455 

76.8 

26.5 

3.5 



102.5 

53.5 

23.8 

8.3 



87.4 

35.5 

14.6 

0.0 



103.8 

54.1 

15.3 

0.0 

173.2 


101.8 

55.2 

22.6 

0.0 

197.6 


88.1 

53.9 

21.8 

8.3 

172.1 


125.0 

50.0 

23.1 

8.4 

206.5 
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TABLE 38. Anchovy exploited biomass (B 0 „ in thousand tonnesl in early November 

during the period 1967-1993 


Year 

5+ 

1 + 

2 + 

3 + 

■1 ■ 

B0 + 

U 

1967 

353.0 

182.1 

75.5 

30 

To3 


0.1344 

1968 

282.0 

357.0 

73.8 

26.0 

11.1 

749.9 

0.1167 

1969 

300.8 

279.7 

180.9 

25.8 

8.5 

795.7 

0.1416 

1970 

322.4 

279.7 

130.7 

78.3 

8.1 

819.2 

0.1523 

1971 

253.8 

327.3 

122.9 

40.5 

30.0 

774.5 

0.1677 

1972 

228.9 

246.3 

155.7 

37.2 

11.5 

679.6 

0.2341 

1973 

297.0 

209.4 

95.0 

56.1 

8.7 

666.2 

0.2387 

1974 

265.6 

223.7 

75.3 

30.2 

22.2 

617.0 

0.2462 

1975 

381.6 

226.1 

86.7 

20.9 

6.6 

721.9 

0.3058 

1976 

298.0 

261.8 

87.5 

21.5 

5.1 

673.9 

0.2747 

1977 

410.3 

254.7 

91.8 

21.3 

5.3 

783.4 

0.2601 

1978 

526.4 

339.2 

103.5 

31.9 

6.2 

1007.2 

0.1505 

1979 

676.8 

541.5 

154.5 

41.6 

13.0 

1427.4 

0.3207 

1980 

545.2 

497.4 

171.1 

54.9 

11.3 

1279.5 

0.3125 

1981 

439.0 

445.1 

169.5 

55.9 

18.3 

1127.8 

0.3515 

1982 

426.3 

358.2 

143.8 

47.7 

16.0 

992.0 

0.4104 

1983 

474.7 

353.4 

126.7 

40.7 

11.1 

1006.6 

0.4536 

1984 

398.1 

316.5 

106.3 

35.2 

9.6 

865.7 

0.2972 

1985 

502.9 

380.8 

119.2 

30.4 

10.9 

1044.2 

0.3882 

1986 

488.8 

423.6 

115.9 

26.0 

5.8 

1060.1 

0.4253 

1987 

291.4 

391.5 

118.8 

20.5 

5.1 

827.3 

0.5667 

1988 

187.5 

164.2 

69.9 

21.5 

2.8 

445.9 

0.4223 

1989 

196.5 

118.4 

48.9 

19.4 

6.4 

389.6 

0.5031 

1990 

125.5 

101.3 

32.4 

11.8 

0.0 

271.0 

0.1443 

1991 

157.9 

120.2 

49.4 

12.5 

0.0 

340.0 

0.2868 

1992 

123.1 

117.3 

50.4 

18.4 

0.0 

309.2 

0.2384 

1993 

170.1 

102.0 

49.2 

17.9 

6.4 

339.2 

0.2294 
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FIGURE 10. 


Spawning biomass of the Black Sea anchovy in early May 1967-1993 


Copyrighted material 



52 



n B0+ ■ B1+ ■ B2+ H B3+ ffl B4+ 


years 


1600 

1400 

1200 

1000 

800 

600 

400 

200 


FIGURE 11. Exploited biomass of the Black Sea anchovy at the beginning 

of the fishing season (November) in the period 1967-1993. 


Anchovy stock size assessments agree with those performed by Johanesson and Loose (1973); 
Ivanov and Beverton (1985); Ivanov and Mikhailov (1990). The first estimate was obtained from trawl 
(hydroacustic survey) in March 26-31 , 1 976, off the Turkish coast. From this the anchovy biomass during 
this year was 990.0 thousand tonnes. On the basis of these data and the fact that the assessment was 
related only to the wintering stock off the Anatolian coast, Ivanov and Beverton (1985) estimated the 
stock in the whole Black Sea at around 1 500 thousand tonnes. Ivanov and Mikhailov (1990) gave an 
average estimate of the exploited anchovy biomass of 1 000 thousand tonnes assuming that in some years 
it has peaked at 1 300 thousand tonnes. 
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BLACK SEA SPRAT, SPRA TTUS SPRATTUS PHALAERICUS RISSO 

During the last 20 years, the sprat has been most abundant and commercially important fish 
species in the western Black Sea. It is also of great importance for the ecosystem since it represents 
an important link between the plankton community and its predators. Thus its population level exerts 
top-down control on the lower components of the foodweb, and bottom-up control on the apical 
components of the ecosystem. 

In the specific environmental conditions of the Black Sea the sprat attains a smaller size and 
has a shorter life span than the same types in the Atlantic and Mediterranean. In view of a large 
stock the species is of primary importance for energy transfer through the trophic web: the fish 
ensures the transition from plankton to predators. Among predators of sprat there are invertebrates, 
fish and mammals. Dolphins, spiny dogfish, mackerel, whiting, turbot, etc. all feed on adult sprats. 
The early life stages are components of the diet of horse mackerel and predatory megaplankton. This 
wide spectrum of predators suggests a high natural mortality that determines the short life span and 
high individual growth rate. 

Climatic change is the other factor conditioning such a growth rate: some authors (Stoyanov, 
1 965) believed that low winter temperatures and strong off shore winds are one of the major causes 
for weak year classes. 

The Black Sea sprat possesses great adaptive capacity, such as a short life span, hence high 
stock turnover, high growth rate, early sexual maturity, batch spawning and protracted spawning 
period. These biological features are specific response to environmental conditions, and they 
compensate for the high rate of elimination the population is subjected to. 


In Table 39 are presented sprat catches from 1951-1993. From this table, it is seen that 
Russian landings after 1978 represented 95% of the total sprat catches in the Black Sea: mostly 
coming rom the north-western part of the basin. 


TABLE 39. Sprat landings in the Black Sea Ithousand tonnes) 


Year 

Bulga 

ria 

Roma nia 


nn 


H 

11 


■H 


1.6 

0.6 

177 

3.8 


3,0 

2.3 

0.8 

fn 


1.2 

1.3 

0.7 

3.1 


3.4 

2.2 

0.9 

6.5 

HEE&H 

0.6 

1.4 

0.9 

2.9 


4.5 

1.2 


6.2 

1954 

0 6 

2.0 

4.4 

7.0 


5.6 

0.7 

03 

7.1 


0.5 

0.7 

0.5 

1.7 

wkium 

7.2 

1.6 

1.6 

10.4 


1.9 

0.9 

4.2 

6.9 

gggi 

8.7 

1.5 

6.7 



2 3 

0.9 

3.3 

6.5 


TUTS 

1.5 

253 

34 9 

wmuuvwm 

2.3 

1.3 

2.2 

5.8 


T33 

2.3 

573 

73.7 


1.5 

1.4 

2.6 

5.6 


1 6.6 

1.6 

553 

84 4 


1.9 

1.4 

1.3 

4.5 

■ HM 

18 9 

2.3 

75.1 

96 3 


1.2 

2.8 

0.3 

4.2 


16.5 

3.0 

56.3 

75.8 


1.4 

2.1 

i.6 

5.3 

■i;m 

TT5 

3.4 

25.5 

353 

■u^ji 

1.2 

2.2 

1.0 

4.4 


T33 

4.5 

24.1 

42.5 

1964 

0.9 

3.0 

3.7 

7.6 

198S 

15.6 

6.8 

333 

51.2 


1.1 

4.4 

4.0 

9.5 


1 1.5 

9.0 

43.1 

63.6 


0.2 

0.5 

2.0 

2.7 

IdEiUdi 

11.0 

9.5 

59.1 

79.6 


6.7 

6.7 

1.3 

2.7 


6.2 

6.5 

54.2 

553 


i.l 

1.7 

1.7 

4.6 


7.4 

8.9 

553 

miwm 


i.i 

0.9 

0.5 

2.6 


2.7 

3.2 

353 

53.9 

1970 

1.4 

1.3 

0.3 

3.1 

M-M 

1.9 

7.3 

15.7 

24,9 

ran 

"2.5 

1.3 

6.8 

4.7 

1 

2.9 

2.1 

14.6 

19.5 




■■■■ 



2.4 

2.4 

9.0* 

T33 
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The growth analyses were performed on the basis of summarised mean length at ages in 
Bulgarian catches for cohorts of seasons 1977-1990, as well as on data from Ukrainian trawl 
surveys carried out in May-June 1980-1990 (Table 401. Growth was simulated by means of the 
von Bertalanffy's function (VBGF), and the software VONBER has been used for this purpose 
ISparre, 1987). 


TABLE 40. Length at age data (TL in cm) and VBGF parameters from YugNIRO TS 
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For the purpose of analysis of annual dynamics the growth performance index was applied 
(Pauly and Munro, 1984): 

(1) phi’ = log, 0 k + 2 x log, 0 Loo 

For determining the theoretical limits of variation of the total and natural mortality coefficient 
different theoretical and empirical equations described in Veffer (1988) and Sparre (1989) Black Sea 
parameters derived from the literature were used. 

Assessments of mortality coefficients, the optimal level of exploitation, stock-recruitment 
relationships and the level of total, exploited and spawning biomasses, are presented in the papers 
of Stoyanov (1966); Ivanov (1983, 1990,1 994); Ivanov and Beverton (1985); Efimov et at. (1985); 
Prodanov (1990); Prodanovand Daskalov (1992), Daskalov (1993), Daskalovand Prodanov (1995). 

Table 41 shows the results of YugNIRO ichthyoplankton trawl and acoustic surveys for 
April-June. 

-9 

TABLE 41. YugNIRO research survey assessments: offspring ( N^’IO ) from 

ichthyoplankton surveys (IS) in April and parent stock (tonnes* 10 ) from trawl 
and acoustic surveys in May-June 
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Age composition data of combined catches (1953-1966) and from trawl surveys (1967-1992) 
were explored by the linearized catch curve (Sparre, 1989): 

(2) In Ct = g - Z*t 

between the obtained values of Z by years and standardised effort (f) for two periods: 1953-1973 
with primarily a near shore fishery (with passive gears! and high stocks of pelagic predators, and 
1976-1 992 with a trawl fishery and reduced predatory impact. Regressions were performed in order 
to find the mean annual natural mortality coefficient: 

(3) Z = M + q*E 

The fishing effort for the first period was estimated on the basis of data on trapnet numbers 
per year concerning Bulgaria, Romania and the former USSR, and for the second period from trawl 
catch data (Table 421. Fishing effort was standardised by dividing the total catch by the sum of 
weighted by corresponding catch relative CPUE by gears (details of the method in Spare, 1989). 

A number of researchers, including the results of MSVPA, showed that natural mortality 
coefficient of recruits is different and often sizeabty higher for the parent stock. In order to obtain 
approximate estimates of M for age 0+ (July-December) the relationship derived by Petersen and 
Wroblewski (1984) and the theoretical individual weight (w) of 0+ year old fish in the beginning of 
October: 3.17 g (Ivanov, 1983) were used. 

(4) Ml w) = 6.1 *10-8(s-1)*w-0.25 

To obtain estimates of fishing mortality and number at age during VPA was used. Data are 
presented in Table 43. 
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TABLE 42. Total catch at age IN x 1 0 6 ) and stock weight at age (g) in the beginning of the year 
matrices used in VPA 
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The matrix of catches was obtained by summing up the corresponding catches of Bulgaria, 
Romania and the former USSR. 
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The basic problem in VPA is the determining of the fishing mortality coefficient for the oldest 
age group. Different modifications of the method solve this problem in different ways. In the present 
work the software VPA Lowestoft 3.1 package (Parley and Flatman, 19941 was applied. 

The separable VPA (Pope and Shepherd, 1982) suggests that fishing mortality at age for every 
year (Fa,y) is a result of the influence of a characteristic annual effect (Fo,y) on the one hand, and 
age effect on the other hand, expressed by a specific selectivity pattern by ages (Sa). The separable 
VPA does not require data for tuning. 

(5) Fa,y = Fo.y'Sa 

The second approach is the VPA with ad hoc tuning of fishing mortality using additional 
information for fishing mortality (Pope and Shepherd, 1985). This method estimates the fishing 
mortality for the last year (Fat,y) as proportional to the mean of some proceeding ages (avFai.y) at 
permanent exploitation pattern. 

(6) Fat.y = avFai,y‘So; 0 So 1 

The tuning of fishing mortality for the last year was performed by Laurec and Shepherd's 
method (1983) which assumes permanent catchability at ages (qa) and log-normal distribution of 
deviation from the mean value. The fishing mortality by ages and fleets was obtained as: 

(7) Fa.v.l-i = Fa,y * Ca,y,f-|/Ca,y,tot 
where: f, is index of fleet; C - catch in number. 

The catch ability by fleets was respectively: 

(8) qa.y.f, = Fa,y,f,/Ey,f, 

where Fa.y.f, is fishing mortality for a given fleet; Ey,f^ is fishing effort for a given fleet . 

The relationships between growth and biomass level was investigated by Fox’s function (Fox, 
1974): 

(9) q = a*B b 

The parameters were estimated by the Solver function in the EXCEL spreadsheet. The 
relationship between yield and fishing mortality coefficient was investigated in the same manner: 

(101 Y = a*F*exp(-b*F) 

The stock-recruitment relationship was established according to the generalized non-linear 
model of Shepherd (1982): 

(11) R = a*B/[1 + (B/bH 

In our fishery analysis, four data files of catches and efforts were used (Table 431. Data from 
ichthyoplankton surveys (IS) were used for tuning the recruitment abundance for the last year, by 
constructing regressions between survey data and that obtained through VPA estimates. For this 
purpose the software RCT3 (Shepherd and Darby, in press) was used. 
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TABLE 43. Tuning data by fleet: effort in fishing hours ( x 10 and catch-at-age (TS and IS in N‘10 
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The third method used was: Extended Survivors Analysis (XSA). Improved analysis of survival 
(Shepherd, 1992) combines the approaches of tuning and use in ad hoc techniques and in RCT3. 

Applying the relationship between CPUE and biomass by ages and fleets, XSA tunes the 
abundance for the last year (Na,yt), assuming constant catchability in time for fully recruited age 
groups, and year-class strength dependent catchability for the non recruited ones. XSA has a 
comparatively complex algorithm, described in Darby and Flatman ( 1 994), permitting different ways 
of weighing a temporal series and “shrinkage” towards mean Fa,yt or Na,yt. XSA was applied for 
the first time for the Black Sea sprat on the basis of data for tuning, represented in Table 43. 

To determine the major characteristics of sprat stock dynamics, such as growth rate, mortality 
rate and biomass, the age structure of catches was analysed. The obtained series of estimates were 
investigated, searching for some simple relationships. The results obtained (Table 44) show that 
sprat growth parameters undergo considerable variation between years. 

The period 1977-1993 was characterized by a decrease in mean size and an increase in 
growth rate. Growth was smoothed by averaged data for 4 sub periods (Fig. 12). The highest 
growth rate was observed in the middle of the period while in the beginning and at the end, the 
curves show a slower growth rate. For both sets of data, a negative correlation occurs between 
growth and biomass (Figures 13 a and b) which indicates dependence of growth on population 
density, as a result probably of interspecific competition. Weak negative correlation can be seen also 
between the condition factor (Cf) and biomass (r = - 0.52). This result disapproves the assumption 
made by Ivanov and Marinov (1992) of the existence of a positive relationship between Cf and the 
biomass derived from CPUE data. As one can see later on, CPUE is not a representative index of the 
stock size, due to the strong variability of the catchability coefficient (q) and its dependence on 
biomass. 


TABLE 44. Growth parameters of sprat in Bulgarian waters 


Year 

Ljo 

k 

6' 

L 1 

L 

C-f * ** * 

T577 


0.329 

1.719 

5155 

10.59 


1978* 

30.73* 

0.042 

1.598 

0.89 

10.13 

0.58 

1979 

14.30 

0.271 

1.744 

1.31 

10.17 

0.553 

1980 

16.85 

0.145 

1.615 

1.04 

10.67 

0.587 

1981 

12.41 

0.594 

1.961 

1.79 

10.40 

0.614 

1982 

12.80 

0.427 

1.845 

1.48 

10.23 

0.616 

1983 

13.21 

0.344 

1.778 

1.37 

10.10 

0.585 

1984 

12.02 

0.544 

1.895 

1.44 

10.27 

0.588 

1985 

13.50 

0.282 

1.711 

1.27 

9.80 

0.596 

1986 

12.65 

0.404 

1.811 

1.49 

9.80 

0.576 

1987* 

26.03* 

0.069 

1.670 

1.19 

9.27 

0.581 

1988 

19.36 

0.129 

1.684 

1.39 

9.57 

0.554 

1989 

15.34 

0.230 

1.733 

1.57 

9.06 

0.568 

1990 

12.27 

0.399 

1.770 

1.45 

9.10 

0.593 


* - Growth of this cohort is linear, so it is not adequately modelled by the VBGF 

** - Data for 1978-1988 are from Ivanov and Marinov (1992) 
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FIGURE 


FIGURE 



12. Growth curves for average cohorts 1977-1980; 1981-1983; 
1984 1986; 1987-1990 


2 - 
,9 
1.8 I 

phi' 1.7 | 
1.6 - 
1.6 • 


r=-0.594 


■ 


1.4 • 

150 200 250 300 350 400 450 

B 


Plot of the growth performance index (phi') frtyn Bulgarian 
data on the mean biomass (B, in tonnes x 10 ) 
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FIGURE 13b. Plot of the growth performance index (phi') from YugNIRO TS data 
on the mean biomass for the previous 6 years (Bj.4, in tonnes x 1 0 3 ) 


The relationship between sprat growth and various environmental parameters is explored in 
more detail by Daskalov and Prodanov (1994). 

Applying different theoretical and empirical relations (Alagaraya, 1984; Hoenig, 1 982; Rikhter 
and Efanov, 1 976; Pauly, 1 980 - in Sparre, 1 989) place the values of M between 0.85 and 1.3 (a- 
1): or on average around 1.0. These values are rather close to those reported by Bailey 11980) for 
the North Sea sprat • 0.8-1 .2. The above methods give only superficial idea of the theoretical order 
of magnitude for the instantaneous coefficient of natural mortality for certain population or species. 
One may presume that the real values show significant variability, annually and seasonally, as well 
as between ages.Thus, Ivanov (1983) and Effimov et al. (1985) assume variable natural mortality 
with age and Prodanov et al. (1994) variable mean annual values of the coefficient during the period 
1 957-1973. In the present work two periods are considered separately: prior to and after 1 974, that 
differ as to the state of the fish component of the ecosystem, and the place the sprat occupies in 
it: (as ludged by the interrelations of the landings of different fish species), as well as by the extent 
and character of sprat exploitation. The analysed data files for the two periods are rather different. 
Prior to 1 974 complete mackerel extinction and strong reduction of bonito and bluefish landings are 
recorded, while during the 1960s and the early 1970s these were major species for fishery. 
Stoyanov (1965) paid attention to a probable predator-prey relationship between sprat and mackerel, 
and between sprat and dolphins. In 1974-1976 the trawl-sprat fishery began and intensified later 
on. 


The calculations obtained by the regression analysis (extreme values were excluded from the 
analysis) were the following: for 1953-1973 - M = 1 .193 (r = 0.534) and for 1976-1992 - M = 
0.98 (r = 0.499) (Fig. 1 4 a, b). The value estimated for the second period is quite close to that used 
so far. For comparison with previous investigations M = 0.95 was used as input value for VPA 
during 1974-1993. During 1953-1973 a mean annual value of M = 1.19 for the parent stock was 
adopted. 

Applying varying coefficients by age and between years supposes many assumptions, and 
may lead to a large error. When an appropriate estimate of M is used, a mean value "buffers" the 
unmeasured interannual variability with age, thus making the results less sensitive to the options of 
entry parameters. We consider that the problem of age and interannual variability of sprat natural 
mortality needs additional clarifying for the purpose of this study, we have used constant annual 
coefficients). 
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As was already pointed out, the estimation of M for 0 + to 1 year of age is different more due 
to scarce data and a supposed great fluctuation of mortality in the early ontogenetic stages. The 
value used up to now of M = 0.56 (Ivanov, Beverton, 19851 has been derived on the basis o' the 
theoretical relationship between survival and age. 
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FIGURE 14. Sprat: plot of Z vs effort: a - 1 953-1 973; b - 1 976-1 992 

The equation we have used is also founded upon assumptions based on the theory of size 
composition of ecological communities (Kerr, 1 9741, but it well approximated the empirical data for 
different species and size of fish and their larvae. Although the authors warn that the relationship 
derived shows only the common trend in the ecosystem and has not to be used for estimation of 
natural mortality coefficients for different fish species, the result obtained for sprat: M = 0.719, 
appears quite realistic (the equation was transformed for calculation of M from 1.07 to 31.12 (a): 
M = 0.96*w 0!5 for w= 3.17 g. Moreover the basic source of mortality is the rapacity as in the 
case of fish larvae. Besides, the above equation approximates best to data for sizes 0.01 to 10.00 
g; the range of weights that most fish larvae lie within. 

Since the two estimates, 0.56 and 0.72 are rather suspicious and the choice between them 
difficult their mean value, M = 0.64, was used for VPA. 

The analysis of data for catch at age and fishing effort was carried out using the three 
methods described above. As plots of fishing mortality and selectivity by age varied in time, 
constant values were assumed for specified periods, and corresponding proportions of selectivity 
for the last age in comparison with previous ones, were used for tuning the model. The results are 
described in Tables 45, 46, 47, 48 and Figures 15. 16 and 17. 
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TABLE 45. Fishing mortality at age resulting trom Extended survivors analysis (Shepherd, 1994) 
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TABLE 46. Average fishing mortality (A. I and selectively IB.) over different periods in 
which exploitation pattern is assumed to be constant 


A. 


Year 






1974-93 

(=0 + 

5555 

5554 

0.004 

5555 

5551 

5553 

FI 

0.028 

0.464 

0.031 

0.138 

0.039 

0.256 

F2 

0.269 

0.609 

0.075 

0.1281 

0.135 

0.323 

F3 

0.148 

0.032 

0.104 

0.045 

0.134 

0.425 

F4 

0.000 

0.000 

0.006 

0.010 

0.019 

0.299 

F + 

0.000 

0.000 

0.000 

0.000 

0.000 

0.298 


e. 


Year 
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TABLE 47. Stock numbers-atage (xIO 6 ) resulting from XSA 
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FIGURE 15. Trends in yearly fishing mortality : F c -average weigthed by 
yield/recruit-at-age; FI -4 and F2-4 unweighted means over 
ages 1-4, 2-4 


From Figure 16 and Table 48 it is seen that these methods give the most pronounced difference 
for years with maximum biomass. In broad outline XSA showed intermediate values during this 
period and due to the high methodological reliability of the method, its results were used for further 
analyses. Nevertheless, it is not excluded that for some time periods, the estimates by the other two 
methods may be closer to the real values. 

The pattern of stock evolution shows conspicuous cyclic recurrence. In the early 1950s 20-40 
thousand tonnes decreased and remained at the level till 1957. During the next 10 years period an 
increase to 231 thousand tonnes in 1961, and then declines in biomass were recorded. From the 
middle of the 1960s until the early 1970s, the stock size was low (30-70 thousand tonnes). In the 
early 1970s an increase began which, during 1975 1977, led to record high values (around 400- 
800 thousand tonnes according to different methods). Until the beginning of the 1980s, a gradual 
decline in the biomass followed with a minimum in 1983, but the stock was still considerably higher 
than during earlier periods of depression. The rise during 1986 1988 was followed by a sharp 
decline and attained its minimum in 1991, when the stock reached figures characteristic for the 
1960s (about 70 thousand tonnes). Since 1991, a tendency to increase has been noticed. The 
contribution of age groups to the stock size can be seen from Table 47 and Figure 17. Usually the 
high values of recruitment were followed in sequence by peaks for stock in age groups 1 and 2 year 
old fish, 3 and 4 year old participated more appreciably in the years of revival and immediately after 
(mostly since 1972). The estimates of sprat biomass are akin to those reported by Prodanov et al. , 
1994 (Figure 18). 
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FIGURE 16. Sprat biomass (in tonnes) over the years obtained by three methods: Separable 
VPA; VPA with ad hoc tuning (vptun); XSA 
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FIGURE 17. Sprat biomass-at-age (tonnes) over years from XSA 
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FIGURE 18. Sprat spawning biomass (by age groups) in the western part of the Black Sea 
during 1957-1992 (after Prodanov era/., 1994) 


The observed cyclic biomass dynamics argue for a stock sensibility to natural environmental 
parameters, although the fishing effort obviously reinforces natural trends and may also have had 
a dominant impact in causing stock declines. The results show that F strongly varied between the 
different ages, due mainly to variable year class strength and changes in the susceptibility of the 
different cohorts to the fishery (Table 45). This variability created conditions for significant increases 
in fishing mortality in particular years (for instance during 1954-1957, though these values are 
unrealistically high and probably are an artefact, as a result of errors in age determination). The 
average plots of mortality and selectivity at age ITable 46) also show that in certain periods 
different age groups (1, 2 or 3 year old fish) have supported peak exploitation. From Figure 15 it 
seems that the maior periods of enhanced fishery mortality coincided or preceded the minima for 
biomass (1954-1957; 1 964 1966; 1980-1982; 1989 1990). The reason for this phenomenon may 
be both the momentum of fishing effort (the fishing effort remains high for some time even after 
the catch decline due to the persistence of the fleet capacities introduced to the fishery and the 
need for the implementation of the economic plan) and the specificity of school behaviour (with 
catchability showing a negative dependance on stock size). High fishing mortality is an especially 
important factor during times of negative changes in the stock abundance. 


Copyrighted material 


72 


Since 1 988, a sharp decline of sprat biomass accompanied a fishing mortality increase in 
1 989 owing to the high fishing effort in the sprat fishery of the former USSR (record high catches 
of sprat were recorded in 1989). During 1989-1991 the Mnemiopsis biomass had also reached 
maximum values. Up to date there is no direct evidence that the ctenophore feeds on sprat larvae, 
which is one reason why one may not assert that it was the cause of the weak 1989-1991 year 
classes. Nevertheless, some data for vertical distribution offshore during the cold season when the 
spawning peak occurs and a seasonal maximum of the Mnemiopsis biomass was observed 
(Vinogradov etal.. 1992); this provides a reason to consider the ctenophore as a possible factor 
in negative changes in sprat stocks. 

Uo to now the relationship between plankton-feeding invertebrates and fish was regarded as 
one way, i.e. the former were pointed out as the reason for the stock decline of the latter. In our 
opinion, it is possible to postulate a reverse impact: the lowering of fish stocks owing to a heavy 
and unadjusted fishery may result in a surplus of zooplankton that would favour "outbursts" of 
megaplankters. In diminishing their biomasses, fish populations respond by enhanced growth rate 
and condition (owing to increased food availability), as well as by active reproduction and 
"rejuvenating" of the stock, effects that have occurred for sprat during the period 1991-1993. 

The pronounced cyclical recurrence in sprat population dynamics permits comparisons with 
stock dynamics of other abundant fish species in the World Ocean and argue for some global 
determination concerning the stock as well as the whole ecosystem, as influenced primarily by 
climatic factors (Mann, 1993; FAO, 1994). On the other hand, the results obtained by us also 
indicate the essential influence of two conjugated factors since the beginning of the 1970s, 
resulting from human activities (over exploitation and eutrophication). 

Regardless of the high reproductive potential of sprat populations and existing opinions that 
the stock is under- exploited, the peculiarities of the ecology and behaviour of this small pelagic 
species can easily lead to situations with over-exploitation and decreases of the stock. Of the 
characteristics considered in this work are: the wide variation of recruitment and its sensibility to 
environmental factors, as well as the reverse stock dependent catchability, owing to enhanced 
availability of the stock to the fishery even at reduced stock size. Thus the cumulative occurrence 
under certain circumstances of unfavourable environmental conditions and high fishing mortality, 
stress the weak "buffer capabilities" of the species due to short age composition - small number 
of age groups determining the parent stock and enhanced total mortality. 

It is of no less concern that the fishermen's activities from those countries exploiting the 
stock, despite the long existence of the Joint Fishery Commission for the Black Sea, have not led 
to an organised international research group for conducting a generalised stock assessment; the 
only way that scientifically founded fishery regulation can be achieved. 

The other group of factors having negative influence on the fish populations, is related to 
negative changes due to the eutrophication. After the initial positive effect, the so-called 
eutrophication-enhanced fishery production, there follows a period with sharp fluctuations in biota 
parameters, raised frequency and intensity of plankton blooms, hypoxia, changes in community 
structure. The greatest impact on the small pelagic fish appears to be through the hyper-productivity 
of the plankton eating megaplankton. 

At present the Black Sea ecosystems and fish in particular are subjected to the impact, both 
of the natural environmental factors and of increased anthropogenic activities. The cumulative 
action of these factors has to be considered in order to find an explaination for the chaotic 
behaviour of the system during the past decades. As it was already stated, small pelagic 
populations are of utmost significance for the ecosystem "health", because of their place in the 
trophic web, which makes possible their control of upper and lower trophic levels, as well as the 
fact that they are the link for a direct anthropogenic impact through the fishery. 
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BLACK SEA HORSE MACKEREL, TRACHURUS MEDITERRANEUS PONTICUS ALEEV 


The Black Sea horse mackerel is a subspecies of the Mediterranean horse mackerel, Trachurus 
mediterraneus. Aleev (1957, 1959) considers that in the Black Sea the species is represented by 
four local subpopulations: the south-western (Bosporic), the northern (Crimean), the eastern 
(Caucasian), and the southern (Anatolian), each one with its own biological characteristics like 
wintering grounds, fat content, spawning patterns, age composition, growth rate, feeding patterns, 
etc. On the basis of investigations carried out by Georgiev and Kolarov (1959, 1962) on size 
composition, and also tagging experiments of horse mackerel caught off the Bulgarian coast, they 
concluded that in the Black Sea two subpopulations occur that belong to the small size - type of 
Trachurus mediterraneus ponticus, the eastern and western ones, respectively. Although the two 
subpopulations are mixing at the edge of their distribution areas, they have the same behaviour and 
biology. 

According to the Romanian meristic analyses (Cautis, 1966; Cautis and Jonescu, 1961, 
1 979) in the western and north-western part of the Black Sea there exists a single "group" of horse 
mackerel. For the eastern part Cosswig (1955) and Numann (1956) suggest that the small and large 
types are in fact different age groups from the same stock. Shaverdashvily (1976) asserts that the 
large horse mackerel can be found in period of strong year classes of anchovy and they belong to 
the same species and stock. On the other hand the existence of two different subspecies of 
Trachurus mediterraneus in the Black Sea is supported by Altukhov and Apekin (1963) from 
serological analyses, by Altukhov and Michalev (1962) by means of the characteristics of the 
cellular thermal stability, and also by Schulman (1972) who used yearly rings on different hard 
structures. Dobrovolov and Dobrovolova (1983), using electrophoretic methods, assumed that no 
difference at species level can be found between Trachurus mediterraneus ponticus and Trachurus 
mediterraneus mediterraneus. For this reason according to Dobrovolov (1985) the large-sized type 
occurrence can be explained as a result of a heterosis effect between the above-mentioned 
subspecies. This type being sterile does not produce further offspring, and became extinct after 
completing its life span. 

In our opinion the Black Sea horse mackerel represents a single population, as the 
environmental conditions are almost one and the same in the whole area inhabited, and there exists 
no positive evidence for the occurrence of two distinct subpopulations differing substantially in their 
biological parameters. 

Table 49 shows Black Sea horse mackerel catches by countries during the period 1 950-1 994 
(small type only). 
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Generally, the horse mackerel fishery is carried out by active (bathypelagic trawls and 
surrounding nets), and by passive (trap nets) gears. The Bulgarian and Romanian catches are 
taken primarily by passive, while the Turkish and former USSR entities by active gears. 

Table 50 presents the age composition of horse mackerel catches during the period 
1950-1994. 


TABLE 50. Age composition ( x 10 specimens) of total horse mackerel catches in the 
Black Sea during 1950-1954 (W = mean weight fish in catches, g) 


Years 
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2 V 2 + 
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Total 

55 

1 950 
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3 T 3 
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0.4 
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f 0.07 

1951 
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0.3 

0.1 
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1952 
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39.3 
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0.2 
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86.4 

8.4 

51.3 

1833.3 
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11.7 

4.8 
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302.6 
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63.8 
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29.6 
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32.6 

4.4 
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0.1 
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1.6 

742.6 
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461.5 

17.56 

1966 
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1683.7 

24.92 

1982 

696.3 

600.3 

602.5 

283.9 

337.5 

48.6 

65.0 

2634.1 

19.53 

1983 

15.5 

17.2 

1991.2 

219.4 

92.5 

36.7 

2.9 

2375.4 

26.82 

1984 

84.9 

609.2 

419.2 

1640.7 

62.1 

7.0 

2.1 

2825.2 

27.39 

1985 

47.7 

218.3 

4438.2 

383.4 

85.9 

22.1 

3.4 

5199.0 

27.14 

1986 

0.8 

61.4 

69.9 

2664.2 

403.6 

25.0 

22.3 

3247.2 

32.37 

1987 

34.3 

51.4 

256.5 

51.7 

2063 

116.2 

16.9 

2590.0 

35.99 

1988 

481.9 

3864.5 

1189.4 

127.9 

81.4 

197.9 

19.8 

5962.8 

16.39 

1989 

59.7 

86.3 

1878.1 

958.8 

101.4 

68.3 

243.6 

3396.2 

28.53 

1990 

6.5 

41.1 

73.1 

1362.7 

392.2 

52.3 

15.3 

1943.2 

33.73 

1991 

0.3 

190.0 

249.2 

77.0 

159.0 

44.0 

3.6 

723.1 

27.60 

1992 

0.4 

25.5 

511.8 

46.3 

23.2 

14.6 

2.3 

624.1 

28.20 

1993 

0.2 

19.1 

45.1 

124.9 

4.6 

1.0 

0.3 

195.2 

25.89 

1994 

11.6 

45-4 

183.6 

295.2 

47.1 

1.7 

0.2 

584.8 

26.50 

Average 

1?6.8 

362.4 

473.4 

319.6 

i45.8 

41 .5 

15.5 

1536.7 

52.86 


Copyrighted material 




76 


On the basis of these data VPA was F„ and these values were calculated as the difference 
between the mean values of Z and M. The coefficient Z was estimated by regression of the age 
composition. The usual iterative procedure was next to minimize the errors arising on determining 
the values of F„. As it was pointed out. 10 iterations of F values were performed by age group. 

The mean value of M was obtained by Kutty and Quasim’s method (1965). For this 
purpose the parameters of the von Bertalanffy's equation were estimated as follows: 


L. =19.25 t„ = - 0.59142 k = 0.34806 

W„ = 73.65 t 0 = - 2.26408 k = 0.15663 

n = 1.7170 a =0.3220 

Using these data it was established that the mean value of M was 0.40. This value lies 
in the middle of the interval determined by Ivanov and Beverton (1985) ■ 0.35-0.45. We applied 
the value of 0.45 in the VPA analysis mainly for two reasons: the first one assumes that using 
Pauly's method, based also on the parameters of von Bertalanffy's function, the value of M is 
considerably higher, around 0.70; the second considers that Black Sea horse mackerel has a 
shorter life span than other representatives of genus Trachurus for which M values ranging 
around 0.40 have been estimated. 

Tables 51 and 52 and Figurs 19 show the results of VPA. 
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TABLE 51 . Number of horse mackerel (by age groups x 1 0 6 sp.lm the Black Sea during the 
period 1950-1995 


Years 

0 + 

1,1 + 

2,2 + 

3.3 + 

4,4 + 

5.5 + 

6,6 + 

1 950 


IIQjQjBI 

KE££SE 

u^Aiiifln 

5.49 

1.64 

500 

T53T 

KHM&lLJH 



221.85 

40.78 

1.14 

005 

T553 





73.81 

B2££^BI 

1.70 

1953 






38.19 

BUJLi^B 

T354 




486.74 


40.59 

BL&iJHi 





531 .40 


96.66 

7.80 

T555 




454.04 

210.78 

70.79 

03 

1957 



770.17 

195.40 

1 50.97 

67.46 

510 



K£i&8±fli 

580.49 

245.66 

43.49 

36.20 

03 

T555 





66.62 

13.24 

1 .50 

7965 


844.56 


486.15 

75.61 

28.05 

03 

T351 



448.70 

629.60 


23.97 

5.61 

7553 






87.40 

7.95 

7553 


U^ULi^B 


748.94 

90.04 

1T303 








29.96 

23.63 

1 965 



500.75 



84.59 

1 5.86 

1966 



B2B£H 

■&iA£^K 


7703 

41.81 

1967 




ku&uh 

106.55 

113.99 

8.56 

1968 


713.40 

713.10 



39.76 

0.32 




314 18 



55.73 

0.77 

757S 



706.07 


78.78 


06 

7571 

833.12 

703.02 


180.04 

76.68 

4.16 

1.94 

T572 


830.30 

447.71 


38.43 

§02 

4.48 

1973 



B££2£Hi 

151.57 


4.25 

05 

7573 




71.95 

29.01 


17.84 

7373 




189.93 

31.27 

14.29 

bum 

1976 

9449.52 

{££2221 


1407.51 

105.37 

15.78 

26.96 

1977 




i2iun 


57.60 

67.50 

7573 



KliLAiM 



476.70 

37.45 

1979 


initial 




494.42 

8.51 

1980 


umiyi 

bi£uejb 

558.90 

924.17 

■yszjBi 


T55T 



BI£U2S 




65.10 

|7§52 


IliliSiBi 

BE22Btfli 

545.94 

581.14 

111.35 

148.92 

[7553 




661.66 

131.15 

1 14.41 

504 

[7334 




I22222^H 

264.03 

14>0 

4.41 

7555 


A£££BJB 


(£££££BI 

3i6.36 

“T1S.76 

18.43 

1986 


E£££ 2 *g_ 




134.71 

1 20. 1 6 

1987 




636.04 


576.26 

83.81 

7353 






854.61 

B£82JBH 

7333 


651.32 



283.50 

168.88 


7335 

4913.88 

803.40 

347 42 



102.15 

29-88 

|T55T 



4/9.81 

164.27 

255.72 

89.19 

— 700 

|7592 



BfcHaiBI 

115.49 

45.60 

42.99 

6.77 

|T553 


5116.08 


"777 .06 — 

37.86 

11.33 

300 

|7557 





UilfiUKl 

20.52 

2.41 

|7555 



696.23 


2jy^2iUH 


216.31 

13.13 
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TABLE 52. Horse mackerel fishing mortality rate (by age groups) during the period 
1950-1994 


Years 



2,3 + 












1.1219 


—»WU.T«T»M 

1951 

0.0006 

0.1628 

0.1292 

0.6505 

0.1258 

0.3891 

0.3891 

1952 

0.0000 

0.0923 

0,1449 

0.1697 

0.2091 

0.1571 

0.1571 

1953 

0.2305 

0.2895 

0.3353 

0.2945 

0.9659 

0.3147 

0.3147 

1954 

0.3614 

0.3717 

0.3710 

0.4976 

0.5021 

0.4342 

0.4342 

1955 

0.2188 

0.4540 

0.4184 

0.4747 

0.5305 

0.4465 

0.4465 

1956 

0.3232 

0.6261 

0.7602 

06511 

0.6893 

0.7052 

0.7052 

1957 

0.2566 

0.8065 

0.6927 

1.0526 

0.9780 

0.8707 

0.8707 

1958 

0.1194 

0.3895 

0.5962 

0.8550 

0.7395 

0.7225 

0.7225 

1959 

0.0698 

0.2156 

0.4986 

0.5421 

0.4149 

0.5191 

0.5191 

1960 

0.0314 

0.1825 

0.3175 

0.4379 

0.6986 

0.3773 

0.3773 

1961 

0.0032 

0.2132 

0.2529 

0.2988 

0.3781 

0.2757 

0.2757 

1962 

0.0974 

0.2243 

0.4671 

0.4532 

0.5133 

0.4601 

0.4601 

1963 

0.0813 

0.0861 

0.5161 

0.6496 

0.6502 

0.5829 

0.5829 

1964 

0.0027 

0.0643 

0.2811 

0.8169 

0.6312 

0.5488 

0.5488 

1965 

0.0089 

0.0888 

0.3203 

0.2706 

1.5867 

0.2951 

0.2951 

1966 

0.0001 

0.0200 

0.0912 

0.3272 

0.0766 

0.2090 

0.2090 

1967 

0.0002 

0.1532 

0.4023 

0.6612 

0.5357 

0.5316 

0.5316 

1968 

0.0000 

0.3914 

0.4388 

0.5191 

0.6016 

0.4788 

0.4788 

1969 

0.0061 

0.4332 

0.4204 

0.8658 

0.6183 

0.6432 

0.6432 

1970 

0.0002 

0.0440 

0.9165 

1 .0944 

2.4905 

1.0055 

1.0055 

1971 

0.0004 

0.0012 

0.0585 

1 .0944 

0.6525 

0.5763 

0.5763 

1972 

0.0690 

0.3658 

0.6331 

0.1616 

1.7528 

0.3976 

0.3976 

1973 

0.0001 

0.2626 

0.7330 

0.2034 

0.1728 

0.9704 

0.9704 

1974 

0.0027 

0.0143 

0.1309 

0.3834 

0.2438 

0.2581 

0.2581 

1975 

0.0034 

0.1135 

0.1321 

0.1401 

0.2341 

0.1368 

0.1368 

1976 

0.0000 

0.0054 

0.3225 

0.0922 

0.1531 

0.2076 

0.2076 

1977 

0.0000 

0.0060 

0.0287 

0.2668 

0.0905 

0.1476 

0.1476 

1978 

0.0051 

0.3572 

0.0337 

0.0409 

0.3082 

0.0371 

0.0371 

1979 

0.0001 

0.0515 

0.4966 

0.4851 

0.3247 

0.4894 

0.4894 

1980 

0.0002 

0.0831 

0.2646 

0.3384 

0.5378 

0.3010 

0.3010 

1981 

0.0150 

0.0955 

0.3924 

0.6687 

0.3749 

0.5302 

0.5302 

1982 

0.0718 

0.0734 

0.5227 

0.9762 

1.1752 

0.7493 

0.7493 

1983 

0.0004 

0.0029 

0.4941 

0.4983 

1.7383 

0.4961 

0.4961 

1984 

0.0335 

0.0239 

0.1170 

0.5858 

0.3404 

0.8512 

0.8512 

1985 

0.0154 

0.1472 

0.3196 

0.1954 

0.4037 

0.2574 

0.2574 

1986 

0.0001 

0.0318 

0.0832 

0.4352 

0.4355 

0.2591 

0.2591 

1987 

0.0021 

0.0085 

0.4640 

0.1060 

1 .0440 

0.2847 

0.2847 

1988 

0.4549 

0.4416 

0.3663 

0.3026 

0.3201 

0.3341 

0.3341 

1989 

0.0571 

0.1785 

0.5473 

0.7998 

0.5708 

0.6732 

0.6732 

1990 

0.0016 

0.0655 

0.2990 

1.6068 

1.4599 

0.9522 

0.9522 

1991 

0.0000 

0.0782 

0.9742 

0.8316 

1.3332 

0.8985 

0.8985 

1992 

0.0001 

0.0047 

0.4145 

0.6652 

0.9428 

0.5336 

0.5336 

1993 

0.0001 

0.0046 

0.0131 

0.2206 

0.1625 

0.1156 

0.1156 

1994 

0.0131 

0.0215 

0.0726 

0.1445 

0.1582 

0.1081 

0.1081 
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FIGURE 19. Spawning (B 2 .) and total biomass (B^ + ) of Black Sea horse macnerel 

■3 

TABLE 53. Horse mackerel biomass (x 10 tons) in the Black Sea during the period 
1950-1994 


Years 

(A0 + ) 

(A 1 +) 

(A2 + ) 

Years 

(A 0 + ) 

,A 1 +1 

|A 2 + ) 

1950 

54.73 

29.10 

12.30 

1973 

180.99 

133.90 

123.30 

1951 

67.93 

46.30 

19.30 

1974 

239.60 

142.70 

81.30 

1952 

90.16 

60.40 

32.30 

1975 

300.21 

216.80 

91.00 

1953 

129.26 

92.80 

54.10 

1976 

322.77 

251 .90 

143.80 

1954 

1 14.60 

87.30 

49.60 

1977 

317.05 

279.10 

186.90 

1955 

105.70 

72.60 

47.90 

1978 

332.26 

261.30 

21 1.90 

1956 

103.92 

70.80 

36.20 

1979 

287.35 

261.90 

170.10 

1957 

105.11 

60.90 

29.70 

1980 

235.70 

199.10 

166.10 

1958 

101.38 

66 40 

21.90 

1981 

272.93 

147.50 

99.90 

1959 

86.22 

75.60 

35.20 

1982 

337.29 

244.00 

83.20 

1960 

103.18 

59.00 

46.10 

1983 

650.37 

273.90 

160.90 

1961 

119.38 

90.20 

34.50 

1984 

689.52 

665.60 

176.10 

1962 

115.75 

97.50 

59.60 

1985 

573.86 

544.80 

514.70 

1963 

88.35 

77.70 

56.10 

1986 

456.90 

368.40 

331.30 

1964 

70.63 

53.90 

41.10 

1987 

471.08 

315.20 

200.10 

1965 

118.11 

51.60 

29.90 

1988 

380.61 

368.50 

166.20 

1966 

133.94 

118.60 

32.80 

1989 

234.71 

224.70 

214.70 

1967 

124.66 

116.30 

96.30 

1990 

136.14 

99.30 

87.00 

1968 

93.72 

73.70 

62.80 

1991 

154.53 

74.70 

26.90 

1969 

267.68 

61.90 

35.70 

1992 

210.03 

149.80 

46.00 

1970 

303.15 

294.90 

28.80 

1993 

224.61 

193.50 

115.20 

1971 

250.18 

243.90 

233.20 

1994 

206.24 

197.90 

157.40 

1972 

202.47 

193.70 

185.60 

1995 


156.50 

145.89 
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It is apparent that during the period under consideration, both the total and spawning 
biomasses varied widely, owing to the different strength of the new year classes. These have 
ranged during the period 1950-1959 from 1420.27 x 10* (1959) to 5891.19 x 10* (1957) by 
number of specimens. During the same period, the total (B0 + ) and spawning (B2 + ) biomasses 
have ranged from 54.7 (1950) to 129.3 (1953) thousand tonnes, and from 12.3 (1950) to 54.1 
(1953) thousand tonnes, respectively. In the next decade (1960-1969) these biomasses varied 
from 76.6 (1964) to 267.9 (1969) and from 29.9 (1965) to 96.3 (1967) thousand tonnes, 
respectively. It is clear that there is no coincidence between the total and spawning biomasses 
due to the wide fluctuation in the strength of year classes. Thus, for instance, the size of the total 
biomass in 1969 was determined by the strong 1969 year class - 27443.83 x 10* (numbers). 
During the next three years the new year classes were weak, especially that of 1971 (833.12 x 
10*1. As a result, the total stocks declined from 303.2 (1970) to 181.0 (1973) thousand tonnes. 
Subsequently, they increased to 332.3 (1978) thousand tonnes. In the late 1970s and the 
beginning of the 1980s (till 1982 included), the total biomass ranged from 235.7 (1980) to 337.3 
(1982) thousand tonnes. In 1983 and 1984 the indicated biomasses grew to 650.4 and 689.7 
thousand tonnes. The reason was the very strong 1983 and 1984 year classes, especially the first 
one, with an extreme value of 50195.58 x 10* specimens. However, the next two year classes 
(1985 and 1986) were weak, resulting in a decline in the total biomass, because of a rise in the 
spawning biomass that reached its maximum value in 1985 - 514.7 thousand tonnes. The 
successive 1986-1987 year classes were relatively strong (over the average) and the total and 
spawning biomasses remained comparatively high - 456.9-471.1 and 313.3-200.1 thousand 
tonnes, respectively. Weak successive 1988-1989 year classes - 1609.90 x 10®and 1333.96 x 
10-® caused a sharp decline in the total and spawning biomasses -136.1-154.5 and 87.0-26.9 
thousand tonnes in 1990 and 1991, respectively. The 1991-1993 year classes varied between 
4153.80 x 10® (1993) and 10641 .33 x 10® (1991) as a result of which the total and the spawning 
biomasses increased to 224.6 and 115.2^1991) thousand tonnes, respectively. The last 1994 
year class was very weak - 1106.3 x 10 specimens. As noted, the estimation of year class 
strength during the last 1-2 years, has been quite difficult, and the errors are probably higher. 
Nevertheless the spawning biomass seems to remain at the level of 1994 and even it has 
dropped from 157.4 to 145.9 thousand tonnes. If the estimated abundance of 1994 year class 
does not differ seriously from the real value it can be expected that the exploited stock (B1 + ) will 
continue to decline from 197.9 to 156.5 thousand tonnes. As was pointed out, the accuracy of 
the assessments depends exclusively on the fishery statistical data. Therefore, the lack of 
information on horse mackerel catches, or its underestimation by Russia, Ukraine. Georgia, 
Romania and Bulgaria enhances the risk of an incorrect assessment of biomasses. For example, 
according to Turkish data, the catches in 1994 were threefold higher than in 1993. 

As is the case with anchovy catches, Turkish catches of horse mackerel are taken primarily 
in winter when the species has an almost sedentary pattern of life, and forms dense 
concentrations on the wintering grounds. This makes the fishery more effective, and raises the 
possibility of harvesting larger amounts of fish, for the same stock size. 

The improvements of fishing gears and the application of modern echo-acoustics further 
contribute to a more effective fishery. However, this has an immediate effect on the fishing 
mortality (Table 52). When the level of the horse mackerel stock was low, even small catches 
caused higher fishing mortality, and vice versa. For example, during 1956-1958, catches varied 
between 17.370 and 29.735, (on average 24.675 thousand tonnes), and the mean value of F , t 
varied from 0.7022 to 0.8929; averaging 0.7271. In 1985-1988, the period when this species 
biomass was higher, catches of the order of 93.741-141.078 thousand tonnes caused a fishing 
mortality in the range 0.2867-0.4367 (average 0.3373). All this stresses the necessity of annual 
assessments of stock size, of TAC's, as well as of clarifying the causes (natural and 
anthropogenic) determining fluctuations in year class strength. This problem will be discussed 
later when the data on year class abundance of horse mackerel, anchovy, sprat, whiting and 
others species considered, will be juxtaposed to those of the environmental parameters which 
influence the trophic capacity of the Black Sea. This is of vital importance, since in most cases, 
the spawning biomass of the fish species concerned have less effect on the recruitment than has 
the environment, especially after eutrophication and the invasion of a number of new species, 
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most importantly, the ctenophore Mnemiopsis. It is not unlikely that new species experience a 
period of adaptation to the current environmental conditions, such that after some years, they do 
not cause population outbursts that could further disrupt the balance that the Black Sea 
ecosystem is striving for. 
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BLACK SEA WHITING, MERLANGIUS MERLANGUS EUXINUS NORDMANN 


The taxonomic position of the Black Sea whiting like that of a great number of Black Sea fish 
species is rather complicated, and is still a controversial question. According to Svetovidov (1935) 
the Black Sea whiting I Odontodadus merlangus euxinus ) is related to genus Odontogadus, subfamily 
Gadinae, family Gadidae, order Gadiformes and represent subspecies of Odontogadus merlangus 
merlangus. The latter is distributed along the European coast (from Murmansk to Gibraltar) and in 
the Mediterranean. The genus name Odontogadus is given by Gill (1863). Odontogadus merlangus 
merlangus was described by Linnaeus (1758) as Gadus merlangus. Subsequently Cuvier (1817) 
detached this species from the genus Gadus, giving it the name Merlangius merlangus. The Black 
Sea whiting was described for the first time by Nordmann (1830) as Gadus euxinus. Some 
researchers consider the Black Sea and Atlantic whiting as the same fish species (Steindachner and 
D‘ Ancona - after Svetovidov, 1935), others as two species (Svetovidov). On the basis of 
morphometric, biological (Prodanov, 1983) and electrophoretic investigations (Dobrovolov, 
Dobrovolova and Prodanov, 1 984) concluded that both types of whiting are separate species and 
gave them the following names: Merlangius merlangus (Atlantic whiting) and Merlangius euxinus 
(Black Sea whiting). In the FAO Yearbook of Fishery Statistics, the Black Sea whiting was presented 
under the name Odontogadus merlangus euxinus up to 1 973, later on as Merlangius merlangus; i.e. 
initially it was considered a subspecies, but subsequently as identical to the Atlantic whiting. 
However, it is difficult to explain why whiting from the eastern Black Sea have a growth rate quite 
different from that in the western half of the basin. In terms of growth and life span, the fish 
inhabiting the eastern part of the Black Sea have an intermediate position between the two 
mentioned types. Therefore, assessments of the stock dynamics of the Black Sea whiting were 
carried out separately for the two parts of the Black Sea. 

In the eastern part of the basin the whiting is subject to a specialised fishery, while in its 
western part it is fished primarily as a by-catch in trawl sprat catches and by trap nets. This last 
consideration reduces the precision of fishery statistics for whiting catches in the western Black Sea 
(Prodanov, 1984). For this reason it has always been considered that in the west the species is 
lightly exploited. Domashenko and Serobaba (1990) reported that in 1980-1981 the coefficient of 
exploitation had values around 0.20, i.e. considerably lower than the optimum value of 0.45 
(Domashenko etal. , 1 985). In contrast, Prodanov (1990) claimed that the coefficient of exploitation 
had to be around 0.35. 

According to Shlyakhov (1982) the sharp fluctuations in the whiting biomass were caused 
by the different year class strengths and also changes in its natural mortality. 

Kirsonova and Lushnikova (1990) established that the Black Sea spiny dogfish consume 
annually an average of 70 000 tonnes of whiting. Whiting is also a basic food component in the diet 
of the turbot, the thornback ray and the stingray. From the above it is evident that the rate of 
natural mortality of the whiting is highly correlated with the abundance of predators. The most 
important of these is at present the spiny dogfish, because it has no ennemies. Its reproduction 
being oviparous it is not directly affected by environmental conditions and is not heavily exploited 
(at least from official fishery statistics). Table 54 shows the whiting catches in the western and 
eastern parts of the basin. 

Table 55 shows the age composition of whiting catches in the western part of the basin. 

According to the data presented, mean values of total mortality for fully represented age 
groups are as follows: 2 - 0.6592; 3 - 0.8063; 4 - 1 .0241 ; 5 - 0.9767. Given that the mean value 
of M is in the range of 0.65-0.70 (Prodanov, 1 984) we may deduct that it has the following values 
by age groups: 1 - 0,70; 2 - 0.55; 3 - 0.70; 4 - 0.90; 5 - 0.90. The value mentioned for the oldest 
age group may be slightly high. Such an approach is not well accepted by most researchers since 
using the traditional VPA this would always lead to overestimates of the biomasses for exploited 
fish species. The overestimation is especially high for species with a short life span and high natural 
mortality such as most pelagic fish in the Black Sea. 
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TABLE 54. Whiting landings in the Black Sea by areas and countries (in tonnes) during the 
period 1967-1994 


Years 

West. 

part 

of 

the 

Black 

Sea 

East. 

part 

Total 

West. 

part 

Total 

Grand 

Total 

Bulgaria 

Romania 



Turkey 

FAI 

• 

FAI 

FAI 

• 

•• 

■TOM 










121 









4526.8 

131 









4728.9 

1970 






124.7 

8987.3 


9112.0 

1971 

0.0 

0.0 

381.0 



65.4 

5889.3 

381.0 

6335.8 

1972 

0.0 

0.0 

416.0 



41.4 

5023.2 

416.0 

5480.6 

1973 

0.0 

0.0 

329.0 



522.6 

1734.9 

329.0 

2586.5 

1974 

0.0 

0.0 

1305.0 



138.4 

2510.0 

1305.0 

3953.3 

1975 

454.0 

754.0 

346.0 



381.3 

3436.7 

1100.0 

4918.0 

1976 

377.0 

1715.1 

541.0 

22.0 

107.4 

159.3 

4054.0 

2363.5 

6576.8 

1977 

218.0 

2134.6 

1495.0 

0.0 

800.0 

875.0 

4851.3 

4429.6 

10155.9 

1978 

407.0 

2912.6 

1345 0 

583.0 

3283.0 

1264.9 

20000.3 

7540.6 

28805.8 

1979 

71.0 

2563.5 

1205.0 

11377.0 

17877.0 

778.0 

20000.0 

21645.5 

42423.5 

1980 

30.0 

3889.8 

618.0 

2720.0 

5500.0 

1043.0 

5795.0 

9791.8 

16630.2 

1981 

1.0 

2563.5 

894.0 

2530.0 

6500.0 

1918.0 

2751.0 

9957.5 

14626.5 

1982 

0.0 

2750.3 

800.0 

1514.0 

8200.0 

1751.0 

2513.0 

11750.3 

16014.3 

1983 

0.0 

1506.5 

1080.0 

2381.0 

7800.0 

4045.0 

7651.0 

10386.5 

22082.5 

1984 

0.0 

1710.7 

1192.0 

4759.0 

10500.0 

5856.0 

5739.0 

13402.7 

24997.7 

1985 

0.0 

1500.8 

3138.0 

2684.0 

5000.0 

4948.0 

11088.0 

9638.8 

25674.8 

1986 

0.0 

1118.2 

1949.0 

2660.0 

4800.0 

3140.0 

14598.0 

7967.2 

25605.2 

1987 

0.0 

1057.6 

615.0 

2764.0 

4500.0 

4798.0 

22305.0 

6172.6 

33275.6 

1988 

0.0 

885.9 

1009.0 

2223.0 

4500.0 

3008.0 

25255.0 

6394.5 

34657.9 

1989 

0.0 

744-5 

2738.0 

591.0 

6000.0 

4075.0 

15208.0 

9482.5 

28765.5 

1990 

0.0 

359.4 

2653.0 

322.0 

8800 0 

2634.0 

13625.0 

11812.4 

28071.4 

1991 

0.0 

246.2 

59.0 

24.0 

2600.0 

7642.0 

11314.01 

2905.2 

21861.2 

1992 

0.0 

482.6 

1357.0 


900.0 

5176.8 

3143.4 

1739.6 

21059.8 

1993 

0.0 

619.8 



500.0 

2856.3 

7143.7 



1994 

0.0 





4350.1 

10649.9 




* - the expert assessments of the level of real whiting catches of Bulgaria and former USSR are according to Prodanov's 
and Shlyakhov's data, respectively; 


* * - the Turkish catches in the eastern part of the Black Sea are taken eastern of Sinop, while these in the western part - 
from around the Bosporus. According to Ozdamar's data, the length compositions of these catches in the pointed areas 
are similar. That is why they were summarized and related to the eastern part only. 
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According to the above-mentioned distribution of natural mortality coefficients, the mean 
value of M is 0.69; i.e. very close to 0.70. On account of this, VPA was carried out in several 
variants - the first two at M = const. = 0.70 and with F„ =1/2 F S1 of sprat; this latter since the 
whiting from the western part of the Black Sea is caught mainly as a by-catch in the trawl sprat 
fishery. The first variant was carried out in the traditional manner and the second, by tuning the 
values of F„ through additional iteration procedures. The third and fourth variants were also 
performed with M = const. = 0.70, but here the values of F„ were set equal to 1/5 of those for 
sprat, since there is no specialized fishery for whiting. Besides, the older age groups inhabit more 
open areas of the sea (at depths 40-50 to 90-1 10m) and the most intensive trawl sprat fishery is 
conducted during spring and summer at depths 25-30 - 50-60m. This last variant was carried out 
in accordance with the above-mentioned values of M by age groups, and also by tuning the values 
of F„, initially adopted as equal to those of sprat. 

TABLE 55. Age composition (x 10 6 specimens) of whiting catches (in tons) 
in the western part of the Black Sea 


H(£I£1 

0 + 

1.1 + 

ESI 


txa 

i-n-ira 


C„ 

c w 




11. 2 



|K£| 

l!U!l 


“3'0.3'r 

381.0 

12.57 

1972 


14.57 

6.31 



0.69 

0.30 

31.86 

416.0 

13.06 

1973 


9.59 

6.46 


Eta 

0.80 

0.23 

26.29 

329.0 

12.51 

1974 

6.91 

32.69 

19.33 

15.10 

tta 

3.30 

1.20 

85.43 

1305.0 

15.28 

1975 

18.68 

21.84 

16.41 

8.09 

5.51 

2.88 

1.20 

74.61 

1100,0 

14.74 

1976 

30.10 

58.62 

34.60 

19.66 

7.40 

6.01 

2.27 

158.66 

2363.5 

14.90 

1977 

7.30 

116.10 

108.83 

48.19 

16.12 

2.59 

3.78 

302.91 

4429.6 

14.62 

1978 

26.73 

134.70 

192.50 

85.02 

26.61 

3.89 

0.91 

470.36 

75.46 

16.03 

1979 

32.11 

134.33 

358.59 

246.57 

94.59 

6.21 

1.30 

873.70 

21645.5 

24.77 

1980 

310.50 

220.50 

103.71 

88.59 

75.20 

35.66 

1.92 

836.08 

9791.8 

11.71 

1981 

30.29 

353.08 

184.91 

85.79 

34.76 

18.89 

8.92 

716.64 

9957.5 

13.89 

1982 

626.30 

253.31 

175.37 

98.64 

38.98 

18.56 

7.63 

1218.79 

11750.3 

9.64 

1983 

113.35 

360.48 

132.33 

86.27 

45.68 

14.77 

6.09 

758.97 

10386.5 

13.68 

1984 

172.24 

303.03 

259.97 

1 12.21 

48.83 

19.12 

2.78 

918.18 

13402.7 

14.60 

1985 

160.08 

232.72 

133.52 

104.75 

39.84 

15.78 

6.86 

693.55 

9638.8 

13.90 

1986 

105.08 

225.82 

110.03 

54.24 

36.94 

10.34 

9.70 

552.15 

7967.2 

14.43 

1987 

59.38 

205.71 

101.04 

39.92 

19.47 

18.58 

3.25 

447.35 

6172.6 

13.80 

1988 

82.96 

204.58 

83.12 

46.28 

14.45 

5.12 

10.25 

446.76 

6394.5 

14.31 

1989 

215.86 

260.63 

105.55 

46.33 

24.91 

6.12 

2.34 

661.74 

9482.5 

14.33 

1990 

755.43 

157.25 

129.97 

30.56 

14.01 

10.36 

2.86 

1100.44 

1 1812.4 

10.73 

1991 

71.18 

90.00 

42.90 

12.78 

4.93 

1.79 

1.96 

225.54 

2905.2 

12.88 

1992 

61.85 

69.49 

40.96 

19.05 

3.69 

0.96 

0.55 

196.55 

2739.6 

13.94 

1993 

41.89 

44.91 

18.13 

15.16 

4.65 

0.86 

0.13 

125.73 

1718.8 

13.67 













C N - catch in numbers (x 10 s specimens) ; C w - catch in tonnes; W - mean weight (g) 


Table 56 and Figure 20 present the results from the first variant of VPA. 

From Table 56 it is seen that the whiting biomass (B1 +) in the western part of the basin 
during the period 1971-1993 has varied from 65.8 (1989), to 204.5 (1981) and to 209.0 (1983) 
thousand tonnes. This variation is due to the different abundance of individual year classes. The 
most abundant appeared to be the 1982 and 1980 year classes - 15.708 x 10 9 and 14.160 xIO 9 
numbers of age groups 0 + , respectively. The 1975, 1979 and 1976 year classes (1 3.262, 1 2.627 
and 1 2.236 x 1 0 9 , respectively) were close to the above values, followed by the 1 977, 1 97 1 and 
1 990 year classes (10.428, 9.804 and 9.086 x 1 0 9 numbers, respectively). The other year classes 
were mediocre, and ranged within sizes 4.907 x 10* (1983) and 8.332 x 10 s (1985). This factor 
dominated fluctuations in whiting biomass during the period 1971-1993. 
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TABLE 56. Whiting numbers (x 10 9 sp.) and biomass (x IQ 3 tonnes) in the western part of 
the Black Sea during the period 1971-1994 (M = const. = 0.70; FS„ = 1 /2F„ 
of sprat - I variant) 


Years 

0 + 

1.1 + 

2,2 + 

3,3 + 

4,4 + 

5,5 + 

6,6 + 

A 1 + 

1971 

9.804 

3.430 

1.173 

3.512 

0.133 

0.074 

0.038 

197.3 

1972 

2.094 

4.864 

1.696 

0.578 

1.742 

0.065 

0.036 

203.1 

1973 

2.228 

1.036 

2.405 

0.838 

0.285 

0.864 

0.032 

162.7 

1974 

3.538 

1.104 

0.508 

1.190 

0.414 

0.140 

0.429 

126.5 

1975 

13.262 

1.752 

0.526 

0.239 

0.580 

0.201 

0.067 

85.6 

1976 

12.627 

6.573 

0.855 

0.250 

0.113 

0.284 

0.098 

134.1 

1977 

10.482 

6.250 

3.223 

0.401 

0.111 

0.051 

0.137 

174.4 

1978 

6.191 

5.200 

3.023 

1.526 

0.166 

0.044 

0.024 

189.1 

1979 

12.236 

3.056 

2.489 

1.369 

0.699 

0.064 

0.019 

174.2 

1980 

14.160 

6.054 

1.425 

0.992 

0.512 

0.283 

0.027 

178.9 

1981 

7.272 

6.818 

2.854 

0.636 

0.432 

0.203 

0.116 

204.5 

1982 

15.708 

3.590 

3.143 

1.290 

0.258 

0.191 

0.088 

183.8 

1983 

4.907 

7.370 

1.609 

1.440 

0.573 

0.101 

0.082 

209.0 

1984 

5.260 

2.359 

3.412 

0.708 

0.656 

0.253 

0.040 

175.1 

1985 

8.332 

2.494 

0.964 

1.516 

0.275 

0.292 

0.113 

141.3 

1986 

3.863 

4.027 

1.079 

0.388 

0.681 

0.110 

0.134 

133.2 

1987 

2.250 

1.846 

1.845 

0.460 

0.156 

0.313 

0.047 

107.4 

1988 

3.523 

1.076 

0.776 

0.847 

0.201 

0.064 

0.143 

82.7 

1989 

5.865 

1.692 

0.396 

0.329 

0.389 

0.090 

0.028 

65.8 

1990 

9.086 

2.764 

0.663 

0.125 

0.132 

0.176 

0.041 

71.1 

1991 

4.783 

3.994 

1.264 

0.241 

0.042 

0.056 

0.080 

93.4 

1992 

5.609 

2.326 

1.921 

0.598 

0.111 

0.017 

0.026 

96.8 

1993 

1994 

5.091 

2.743 

2.499 

1.107 

1.311 

0.926 

0.537 

0.284 

0.449 

0.053 

0.138 

0.008 

0.025 

104.4 


The calculations are acomplished by the traditional VPA without additional iterations of F„. 
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FIGURE 20. Whiting biomass (B, . in thousand tonnes) in the western part of the Black Sea 
II variant) 


TABLE 57. Fishing mortality coefficient of whiting in the western part of the Black Sea (by age 
groups) during the period 1971-1993 (i =0.70; F„ = 1/2 F„ of sprat - I variant) 


Years 

— 5+ 

1.1 + 

2,2 + 


4,4 + 

5.5 + 

6.6 + 

ran 

0.0010 

0.0046 

0.0078 

0.001 1 

"0.0157 

0.0133 

0.0108 

1972 

0.0039 

0.0042 

0.0052 

0.0066 

0.0011 

0.0149 

0.01 16 

1973 

0.0025 

0.0129 

0.0037 

0.0058 

0.0082 

0.0013 

0.0101 

1974 

0.0027 

0.0420 

0.0542 

0.0178 

0.0234 

0.0331 

0.0039 

1975 

0.0020 

0.0175 

0.0443 

0.0481 

0.0133 

0.0201 

0.0250 

1976 

0.0030 

0.0125 

0.0577 

0.1 152 

0.0949 

0.0298 

0.0328 

1977 

0.0010 

0.0261 

0.0479 

0.1809 

0.2235 

0.0728 

0.0390 

1978 

0.0060 

0.0366 

0.0922 

0.0803 

0.2481 

0.1305 

0.0550 

1979 

0.0037 

0.0628 

0.2204 

0.0281 

0.2057 

0.1428 

0.0987 

1980 

0.0309 

0.0518 

0.1060 

0.1316 

0.2251 

0.1906 

0.1007 

1981 

0.0058 

0.0744 

0.0939 

0.2049 

0.1179 

0.1373 

0.1123 

1982 

0.0568 

0.1026 

0.0804 

0.1116 

0.2329 

01442 

0.1276 

1983 

0.0326 

0.0701 

0.1206 

0.0865 

0.1 166 

0.2234 

0.1084 

1984 

0.0465 

01944 

0.1112 

0.2450 

0.1086 

0.1 102 

0.1004 

1985 

0.0270 

0.1378 

0.2110 

0.1004 

0.2216 

0.0777 

0.0880 

1986 

0.0385 

0.0808 

0.1515 

0.2134 

0.0781 

0.1395 

0.1052 

1987 

0.0373 

01666 

0.0788 

0.1275 

0.1890 

0.0858 

0.0998 

1988 

0.0332 

0.3008 

0.1597 

0.0787 

0.1045 

0.1 172 

0.1047 

1989 

0.0524 

0.2374 

0.4488 

0.2153 

0.0928 

0.0987 

0.1215 

1990 

0.1219 

0.0820 

0.3117 

04021 

0.1587 

0.0850 

0.1027 

1991 

0.0209 

0.0318 

0.0482 

0.0763 

0.1778 

0.0456 

0.0345 

1992 

0.0154 

0.0423 

0.0300 

0.0452 

0.0472 

0.0798 

0.0293 

1993 

0.0115 

0.0230 

0.0230 

0.0230 

0.0230 

0.0230 

0.0230 
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Tables 58, 59 and Figure 21 show the results of the second variant of VPA. 


TABLE 58. Whiting numbers (x 10 9 sp.) and biomass (x 10 3 tons) in the western part of the 
Black Sea during the period 1971-1994 (M = const. = 0.70; F„ = 1/2F„ rfsx „- 
II variant) 



-in— 

1,1 + 

2,2 + 


^T*+ 



Al-6 

■l : j M 



■•a*™ 

0.195 


0.054 


39.5 


1.096 

1.340 

0.541 

0.260 

0.095 

0.036 

0.026 

44.8 

■ 

1.476 

0.540 

0.655 

0.264 

0.127 

0.046 

0.018 

39.7 


2.734 

0.730 

0.262 

0.321 

0.129 

0.062 

0.022 

36.8 


10.237 

1.353 

0.340 

0.117 

0.149 

0.059 

0.029 

40.1 

B 

10.210 

5.071 

0.657 

0.158 

0.052 

0.070 

0.027 

87.3 


8.447 

5.049 

0.478 

0.302 

0.065 

0.021 

0.031 

128.7 

■ 

4.561 

4.189 

2.427 

1.155 

0.117 

0.021 

0.009 

147.2 


7.142 

2.246 

1.988 

1.073 

0.515 

0.040 

0.008 

132.8 


9.165 

3.524 

1.023 

0.743 

0.366 

0.192 

0.016 

118.9 


5.282 

4.337 

1.599 

0.437 

0.309 

0.131 

0.071 

128.0 

1982 

10.005 

2.602 

1.912 

0.667 

0.159 

0.129 

0.052 

113.6 

1983 

3.618 

4.538 

1.119 

0.829 

0.264 

0.053 

0.052 

124.7 

1984 

3.250 

1.718 

2.006 

0.465 

0.353 

0.100 

0.016 

103.2 


4.046 

1.495 

0.647 

0.819 

0.155 

0.142 

0.037 

78.2 

B 

2.583 

1.899 

0.584 

0.231 

0.335 

0.050 

0.060 

66.4 


1.921 

1.210 

0.789 

0.215 

0.078 

0.141 

0.018 

52.3 


2.406 

0.913 

0.461 

0.323 

0.080 

0.026 

0.057 

41.3 


2.657 

1.137 

0.315 

0.172 

0.129 


0.009 

34.6 


4.092 

1.171 

0.389 

0.086 

0.054 


0.011 

31.2 


2.109 

1.519 

0.474 

0.106 

0.022 

EEfil 

0.016 

34.8 

1992 

3.247 

0.999 

0.693 

0.206 

0.044 

0.008 

0.007 

36.6 

1993 

1994 

4.186 

1.570 

2.050 

0.448 

0.749 

0.316 

0.210 

0.089 

0.146 

0.019 

0.041 

0.003 

0.009 

44.2 


' Numbers and biomass of whiting after 5th iteration 
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It is seen from the above table that after the fifth iteration, the estimated whiting biomass is 
considerably lower than that obtained by traditional VPA. As was pointed out for shsd and anchovy, 
the results mentioned were due to the fact that the second approach works on the assumption that 
values of F for the completely recruited age groups should be the same. This is why the estimates 
of F by age groups and the abundance of their corresponding year classes were respectively higher 
and lower with the second approach. Thus for instance, the F value for the 1 982 year class was 
0.0058 with the first approach, while the same value in the second approach is 0.0906, i.e. 15 
times higher. Conversely, the abundance of the year class mentioned according to the first manner 
of computation was 15.708 x 109 specimens, and by the second - 10.085 x 109 specimens of 0 + 
year old fish. Taken as a whole, the trends for the two approaches are rather similar, despite some 
differences in the assessments of abundance for individual year classes. To a certain extent, this 
reflects on the estimates of the whiting biomass, which were significantly lower following the 
second approach. Besides, the maximum values for whiting biomass reached did not coincide in 
time. Thus for instance in the first variant the maximum biomass of 209.0 thousand tonnes was 
involved in 1983, but in the second approach a peak of 147.2 thousand tonnes was shown in 
1978, i.e. its absolute value is lower by about 30% and is shifted temporally by 5 years. 

TABLE 59. Fishing mortality rate of whiting (by age groups) in the western part of the Black 
Sea during 1971-1993 (M = 0.70; F„ = 1/2 F„ of sprat II variant) 


Years 

0 + 

1,1 + 

nm 

3,3 + 

■HI 



- ; m 


0.0142 

0.0173 



0.0183 

0.0192 


0.0075 

0.0152 

0.0163 

0.0147 

0.0207 

0.0266 

0.0161 


0.0038 

0.0249 

0.0138 

0.0186 

0.0184 

0.0243 

0.0183 


0.0035 

0.0640 

0.1077 

0.0674 

0.0771 

0.0765 

0.0770 

■ 

0.0025 

0.0227 

0.0692 

0.1007 

0.0526 

0.0698 

0.0600 


0.0041 

0.0162 

0.0757 

0.1882 

0.2157 

0.1258 

0.1214 

■ 

0.0012 

0.0324 

0.0628 

0.2467 

0.4119 

0.1862 

0.1854 


0.0082 

0.0456 

0.1160 

0.1072 

0.3693 

02873 

0.1567 


0.0063 

0.0864 

0.2837 

0.3749 

0.2893 

0.2378 

0.2538 

■ 

0.0481 

0.0905 

0.1505 

0.1792 

0.3286 

0.2935 

0.1834 


0.0080 

0.1193 

0.1735 

0.3120 

0.1686 

0.2207 

0.1898 

1982 

0.0906 

0.1441 

0.1353 

0.2268 

0.4054 

0.2193 

0.2241 

1983 

0.0444 

0.1162 

0.1777 

0.1548 

0.2703 

0.4779 

0.1772 


0.0762 

0.2765 

0.1962 

0.3974 

0.2110 

0.3024 

0.2679 


0.0564 

0.2402 

0.3306 

0.1935 

0.4281 

0.1663 

0.2947 

WSSm 

0.0580 

0.1787 

0.2978 

0.3849 

0.1647 

0.3296 

0.2522 


0.0438 

0.2651 

0.1938 

0.2923 

0.4137 

0.1997 

0.2847 

uSsM 

0.0490 

0.3640 

0.2835 

0.2194 

0.2848 

0.3186 

0.2802 


0.1190 

0.3737 

0.5984 

0.4526 

0.3072 

0.3286 

0.4205 


0.2909 

0.2040 

0.5970 

0.6472 

0.4293 

0.3572 

0.4519 

Km 

0.0479 

0.0855 

0.1333 

0.1810 

0.3571 

0.1510 

0.1806 

Ha 

0.0268 

0.1012 

0.0854 

0.1364 

0.1230 

0.1863 

0.1066 

1993 

0.0140 

0.0405 

0.0577 

0.0688 

0.0748 

0.0636 

0.0579 
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FIGURE 21. Whiting biomass (B, , in thousand tonnes) in the western part of the Black Sea 
(II variant) 


Tables 60, 61 and Figure 22 present the results from the third variant of VPA are presented. 


Whiting biomass ranged between 129.6 (1989) and 503.2 (1972) thousand tonnes. The 
common features of the variants considered is that in both of them the minimum biomass of 
whiting occurred in 1 989. In relation to the maximum it has to be noted that it is shifted even earlier 
to 1972 in the third variant. With regard to the abundance of year classes the variations are 
identical with those existing in the first variant, but they are considerably higher in absolute values. 
This is related to the lower estimates of F„ used in the third variant. 

In Tables 62, 63 and Figure 23 the results from the fifth variant are shown where M values 
between age groups differ. 

The estimates of year classes abundance in this variant were similar to those found in the first 
variant, but the former had lower absolute values. The only difference is that with this approach the 
1985 year class is stronger than the 1971 year class. 

Table 64 gives the final result after the 6th iteration in the first, third and fifth variants, and 
in Figure 24 only the last two variants, since the differences between the first 4 variants are 
negligible and can hardly be graphically differentiated. From the figure it is seen that the trends 
between the 4 variants mentioned and the 5th (M values among age groups) were equal (after the 
6th iteration), and differences were related only to the absolute figures used during the period 
1971-1993. 
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TABLE 60. Whiting numbers (x 10 s ) and biomass (x 10 3 tons) in the western part of the 
Black Sea during the period 1971-1994 (M = const. = 0.70; F„ = 1/5F„ of 
sprat - III variant) 
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TABLE 61 . Fishing mortality coefficient of whiting (by age groups) in the western part of the 
Black Sea during the period 1971-1993 (M = const. = 0.70; F,. = 1/5F„ of sprat 
III variant) 


Years 

0 + 

1,1 + 

2,5 + 

3,3 + 

4,4 + 

5,5 + 

6,6 + 

TSTi 

0.0004 

0.0019 

0.0035 

0.0004 

0.0063 

0.0053 

0.0043 

1972 

0.0019 

0.0018 

0.0022 

0.0027 

0.0004 

0.0059 

0.0046 

1973 

0.0014 

0.0062 

0.0016 

0,0024 

0.0034 

0.0005 

0.0040 

1974 

0.0016 

0.0228 

0.0254 

0.0074 

0.0096 

0.0135 

0.0015 

1975 

0.0011 

0.0099 

0.0236 

0.0219 

0.0055 

0.0082 

0.0100 

1976 

0.0020 

0.0068 

0.0323 

0.0592 

0.0416 

0.0121 

0.0131 

1977 

0.0006 

0.0156 

0.0257 

0.0962 

0.1058 

0.0304 

0.0156 

1978 

0.0037 

0.0208 

00539 

0.0418 

0.1190 

0.0559 

0.0221 

1979 

0.0019 

0.0382 

0.1189 

0.1532 

0.1001 

0.0614 

0.0395 

1980 

0.0161 

0.0271 

0.0624 

0.0651 

0.1075 

0.0834 

0.0403 

1981 

0.0036 

0.0379 

0.0475 

0.1130 

0.0546 

0.0593 

0.0449 

1982 

0.0301 

0.0619 

0.0394 

0.0536 

0.1159 

0.0622 

0.0510 

1983 

0.0209 

0.0360 

0.0695 

0.0406 

0.0527 

0.0986 

0.0434 

1984 

0.0265 

0.1202 

0.0547 

0.1306 

0.0483 

0.0467 

0.0402 

1985 

0.0138 

0.0757 

0.1203 

0.0467 

0.1052 

0.0328 

0.0352 

1986 

0.0227 

0.0402 

0.0778 

0.1105 

0.0346 

0.0599 

0.0421 

1987 

0.0274 

0.0946 

0.0376 

0.0610 

0.0883 

0.0363 

0.0399 

1988 

0.0190 

0.2117 

0.0843 

0.0360 

0.0470 

0.0503 

0.0419 

1989 

0.0237 

0.1286 

0.2799 

0.1038 

0.0406 

0.0419 

0.0486 

1990 

0.0529 

0.0358 

0.1481 

0.2094 

0.0690 

0.0353 

0.0411 

1991 

0.0087 

0.0132 

0.0202 

0.0323 

0.0793 

0.0186 

0.0138 

1992 

0.0062 

0.0173 

0.0122 

0.0184 

0.0193 

0.0330 

0.0117 

1993 

0.0046 

0.0092 

0.0092 

0.0092 

0.0092 

0.0092 

0.0092 
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TABLE 62. Whiting numbers (x 10 9 ) and biomass (x 10 3 tonnes) in the western part of 
the Black Sea during the period 1971-1994 (M 0 , =0.70, M, =0.70, 

M 2 = 0.55, M 3 = 0.70, M 4 = 0.90, M 5 = 0.90. M a = 0.90; Fj, = F„of sprat V 
variant) 


Years 


1,1 + 

m*zm 


4,4 + 

5,5 + 

6.6 + 

A,. 

■E>iH 

7.179 

2.496 



0.110 



155.1 

1972 

1.631 

3.560 

1.232 


1.421 

wm 

0.020 

157.8 

1973 

1.845 

0.806 

1.758 


0.240 

Bum 

0.017 

120.7 

1974 

2.948 

0.914 

0.394 


0.348 


0.234 

94.7 

1975 

11.093 

1.459 

0.431 


0.491 

1351 

0.037 

68.6 

1976 

10.631 

5.496 

0.710 


0.100 

0.196 

0.054 

108.4 

1977 

8.812 

5.259 

2.689 


0.104 

0.036 

0.076 

144.8 

1978 

5.321 

4.373 

2.531 

1.470 

0.158 

0.033 

0.013 

165.1 

1979 

10.007 

2.624 

2.079 

1.317 

0.671 

0.048 

0.011 

155.5 

1980 

1 1.571 

4.947 

1.211 

0.933 

0.486 

0.216 

0.016 

153.1 

1981 

6.197 

5.532 

2.305 

0.621 

0.403 

0.152 

0.066 

168.7 

1982 

12.951 

3.056 

2.505 

1.192 

0.250 

0.143 

0.050 

154.3 

1983 

4.277 

6.001 

1.344 

1.314 

0.524 

0.078 

0.047 

176.6 

1984 

4.445 

2.046 

2.732 

0.677 

0.593 

0.185 

0.023 

147.1 

1985 

6.701 

2.089 

0.809 

1.382 

0.260 

0.211 

0.064 

119.1 

1986 

3.239 

3.217 

0.878 


0.615 

0.081 

0.076 

109.3 

1987 

2.008 

1.536 

1.443 

0.425 

0.146 

0.227 

0.027 

86.5 

1988 

2.713 

0.956 

0.622 

0.757 

0.184 

0.047 

0.081 

68.2 

1989 

3.358 

1.290 

0.336 

0.297 

0.344 

0.066 

0.016 

54.2 

1990 

4.789 

1.519 

0.464 

0.117 

0.116 

0.125 

0.023 

46.8 

1991 

2.414 

1.864 

0.647 

0.172 

0.037 

0.039 

0.044 

49.0 

1992 

2.876 

1.150 

0.864 

0.341 

0.077 

0.012 

0.015 

48.9 

1993 

2.558 

1.385 

0.523 

0.468 

0.156 

0.029 

0.004 

52.7 

1994 


1.242 

0.657 

0.288 

0.222 

0.061 

0.01 1 

63.6 
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TABLE 63. Fishing mortality coefficient of whiting (by age groups! in the western part of 
the Black Sea during the period 1971-1993 (M c . =0.70, M, =0.70, M ; =0.55, 
M 3 = 0.70, M 4 = 0.90, M s = 0.90, M„ = 0.90; F m = F„ of sprat V variant) 




1,1 + 


o+ 

4,4 + 

Bsa 

6,6 + 

1971 


MEsma 


0.0014 


0.0215 

0.0216 

1972 

0.0050 

0.0057 

0.0067 

0.0079 

0.0015 

0.0241 

0.0232 

1973 

0.0030 

0.0167 

0.0048 

0.0069 

0.0106 

0.0021 

0.0202 

1974 

0.0033 

0.0509 

0.0658 

0.0210 

0.0305 

0.0531 

0.0078 

1975 

0.0023 

0.0210 

0.0506 

0.0542 

0.0172 

0.0323 

0.0500 

1976 

0.0039 

0.0149 

0.0653 

0.1219 

0.1179 

0.0474 

0.0655 

1977 

0.0012 

0.0311 

0.0539 

0.1898 

0.2623 

0.1 141 

0.0779 

1978 

0.0070 

0.0437 

0.1036 

0.0834 

0.2888 

0.1972 

0.1103 

1979 

0.0045 

0.0735 

0.2508 

0.2957 

0.2357 

0.2149 

0.1973 

1980 

0.0379 

0.0637 

0.1174 

0.1403 

0.2613 

0.2819 

0.2013 

1981 

0.0068 

0.0924 

0.1096 

0.2105 

0.1388 

0.2051 

0.2246 

1982 

0.0693 

0.1215 

0.0950 

0.1214 

0.2640 

0.2163 

0.2551 

1983 

0.0375 

0.0868 

0.1361 

0.0952 

0.1402 

0.3288 

0.2166 

1984 

0.0552 

0.2273 

0.1312 

0.2579 

0.1320 

0.1680 

0.2008 

1985 

0.0337 

0.1666 

0.2385 

0.1106 

0.2591 

0.1190 

0.1759 

1986 

0.0460 

0.1021 

0.1763 

0.2262 

0.0949 

0.2103 

0.2105 

1987 

0.0419 

0.2035 

0.0950 

0.1389 

0.2226 

0.1310 

0.1996 

1988 

0.0433 

0.3449 

0.1890 

0.0884 

0.1259 

0.1764 

0.2093 

1989 

0.0931 

0.3227 

0.5088 

0.2406 

0.1153 

0.1503 

0.2430 

1990 

0.2438 

0.1539 

0.4417 

0.4389 

0.1992 

0.1333 

0.2053 

1991 

0.0418 

0.0692 

0.0898 

0.1083 

0.2196 

0.0724 

0.0690 

1992 

0.0303 

0.0873 

0.0635 

0.0804 

0.0753 

0.1259 

0.0585 

1993 

0.0230 

0.0460 

0.0460 

0.0460 

0.0460 

0.0460 

0.0460 
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FIGURE 23. Whiting biomass (B, , in thousand tonnes) in the western part of the Black Sea 
(V variant) 
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TABLE 64. VPA results after ad hoc tuning of the initial values of F„ for the oldest age 
group (6,6 + ) 


Years 

start 

start 

Start 

1 ite- 
ration * 

1 ite- 
ration 

1 ite- 
ration 

II ite- 
ration 

II ite- 
ration 

II ite- 
ration 

1971 

197.3 


155.1 


165.4 



78.4 

5T5 

1972 

203.1 



78.7 

154.1 

95.9 


78.8 

90.4 

1973 

162.7 



62.0 

115.3 

77.5 


65.3 

77.1 

1974 

126.5 

300.4 

94.7 

52.2 

91.0 

65.0 

41.5 

57.0 

67.4 

1975 

85.6 

185.2 

68.6 

51.7 

83.7 

60.9 

45.0 

59.2 

66.6 

1976 

134.1 

263.5 

108.4 

108.0 

165.1 

123.3 

98.0 

123.3 

135.5 

1977 

174.4 

317.7 

144,8 

157.9 

232.9 

177.0 

1428 

174.6 

189.5 

1978 

189.1 

338.0 

165.1 

185.3 

276.9 

215.3 

165.1 

203.3 

227.9 

1979 

174.2 

311.9 

155.5 

167.0 

247.6 

198.5 

148.8 

182.0 

208.6 

1980 

178.9 

342.8 

153.1 

153.7 

233.2 

182,3 

134.4 

165.5 

188.6 

1981 

204.5 

403.5 

168.7 

172.9 

270.1 

199.8 

144.8 

178.9 

196.9 

1982 

183.8 

358.6 

154.3 

153.5 

237.1 

176.3 

127.5 

156.2 

169.2 

1983 

209.0 

412.8 

176.6 

167.7 

250.6 

196.6 

141,0 

176.9 

184.1 

1984 

175.1 

344.1 

147.1 

136.6 

199.7 

159.5 

116.4 

146.4 

148.4 

1985 

141.3 

284.7 

119.1 

105.0 

156.1 

123.5 

89.8 

117.1 

114.9 

1986 

133.3 

274.1 

109.3 

90.8 

140.6 

101.4 

78.8 

109.5 

95.8 

1987 

107.4 

219.5 

86.5 

72.3 

115.1 

74.5 

62.9 

89.8 

71.8 

1988 

82.7 

166.4 

68.2 

57.4 

92.9 

57.2 

48.9 

71.2 

56.0 

1989 

65.8 

129.6 

54.2 

48.4 

81.8 

46.1 

40.6 

59.0 

46.2 

1990 

71.1 

155.4 

46.8 

48.3 

90.6 

41.7 

38.4 

59.3 

42.3 

1991 

93.4 

222.0 

49.0 

57.2 

113.1 

46.4 

44.4 

71.2 

47.3 

1992 

96.8 

235.3 

48.9 

59.2 

115.6 

48.3 

46.3 

73.4 

49.1 

1993 

104.4 

259.3 

52.7 

70.2 

132.8 

57.4 

55.2 

86.2 

57.6 


• - I variant ; • • - III variant; 


• • • - V - variant 
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Table 64 - continued 


Years 

III 

ite- 

ration 

III 

ite- 

ration 

III ite- 
ration 

IV 

ite- 

ration 

IV 

ite- 

ration 

IV 

ite- 

ration 

V 

ite- 

ration 

V 

ite- 

ration 

V 

ite- 

ration 


T3T5 

56.9 

93.9 

41 .1 

47.8 

101,6 

59T5 

42.4 

mi'.+m 


48.9 

62.1 

102.0 

46.5 

52.7 

108.0 

44.8 

47.4 

108.3 

■ 9 

43.1 

53.6 

87.6 

41.0 

45.7 

91.5 

39.7 

41.6 


1,1 

37.8 

47.7 

75 5 

36.8 

41.3 

77.8 

36.8 

38.3 


■ a 

41.0 

42.6 

72.1 

40.1 

43.9 

72.9 

40.1 

41.5 


1976 

88.7 


138.8 

87.3 

93.8 

137.0 

87.3 

90.3 

136.3 

1977 

130.5 

146.7 

190.7 

128.7 

136.9 

187.6 

128.7 

132.6 

187.0 

1978 

149.5 

168.4 

225.8 

147.2 

157.9 

221.9 

147.2 

152.2 

221.7 

1979 

134.9 

151.6 

205.5 

132.8 

142.7 

202.3 

132.8 

137.3 

202.2 

1980 

1210 

138.4 

184.1 

118.9 

129.2 

181.8 

118.9 

123.5 

182.0 

1981 

130.1 

154.5 

191.8 

128.0 

141.0 

190.8 

128.0 

133.6 

191.3 

1982 

115.1 

137.7 

164.9 

113.6 

125.0 

164,7 

113.6 

118.4 

165.3 

1983 

126.1 

154.6 

181.0 

124.7 

138.2 

181.5 

124.7 

130.2 

182.2 

1984 

104.2 

127.9 

146.6 

103.2 

114.1 

147.3 

103.2 

107.6 

147.8 

1985 

79.1 

99.1 

114.1 

78.2 

87.4 

114,8 

78.2 

81.9 

115.2 

1986 

67.6 

87.3 

96.0 

66.4 

75.6 

96.6 

66.4 

70.0 

97.0 

1987 

53.5 

69.4 

72.4 

52.3 

59.8 

72 9 

52.3 

55.2 

73.1 

1988 

42.3 

54.7 

56.6 

41.3 

47.3 

57.0 

41.3 

43.6 

57.1 

1989 

35.5 

45.3 

46.8 

34.6 

39.3 

47.1 

34.6 

36.3 

47.2 

1990 

32.3 

44.0 

43.0 

31.2 

36.7 

43.3 

31.2 

33.1 

43.3 

1991 

36.3 

51.4 

48.0 

34.8 

41.8 

48.3 

34.8 

36.9 

48.3 

1992 

38.0 

53.4 

49.8 

36.6 

43.4 

50.0 

36.6 

38.4 

50.0 

1993 

45.9 

63.4 

58.1 

44.2 

51.9 

58.3 

44.2 

46.0 

58.4 


" - results from VPA (I variarul after 5th iteration 

•* • results from VPA fill variantl after 5th iteration 
’ ' • ■ results from VPA IV variant) after 5th iteration 


In Table 65 the age composition of the whiting catches in the eastern part of the Black Sea 
is presented. These data were made available to us by V. Shlyakhov (YugNIRO, Ukraine). According 
to this author the whiting from the eastern part of the Black Sea reaches a length of 35 cm and age 
8 years. In relation to size composition of the catches, the Turkish data are akin to those of the 
cited author, but differ radically in age structure. 
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TABLE 65. Age composition (x 1 0 6 ) of whiting catches (in tonnes) in the eastern part of the Black Sea 
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CN - total catches (x 10 s ); CW - total catches (in tonnes x 10 3 ); W - mean weight values (g) 
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The differences between the weights at x age are still greater, namely: 


Age 

Eastern part of 
Black Sea 
W (g) 

Western part of 
Black Sea 
W (g) 

0 + 

4.0 

4.2 

1 

12.8 

11.6 

5 

2574 

ITa 

3 

44.4 

33.7 

4 

71.7 

48.2 

5 

104.2 

63.3 

6 

140.9 

79.2 

7 

180.2 


8 

222.0 



On the basis of these data for the western part of the basin the parameters of von 
Bertalanffy's equation were established: 

W 00 = 285.5 g k = 0.12715 to = -2.31 128 

The pointed values do not differ significantly from those defined only on the basis of the 
Bulgarian data (Prodanov, 1984): 

W„= 231.9 g k = 0.135 to = -2.412 

When Shlyakhov's data for whiting growth in weight by ages in the eastern part of the Black 
Sea were used in the same manner, a value of W„ = 2270.0 g was obtained that is too high. 

Table 66 and Table 67 show the results from VPA with tuning of the initial values of fishing 
mortality coefficient for the oldest age group (8 year olds). From Table 66 it is seen that whiting 
biomass in the eastern part of the Black Sea ranged from 73.0 (19901/73.9 (1989) to 489.3 (1978) 
thousand tonnes. The fluctuations in the eastern population biomass coincided as a trend with those 
of the western population but the former had higher values when comparing their absolute values 
(on average, two fold). These differences were due more to the heavier weights used for the 
whiting than the higher abundance, both relating to the eastern part of the Black Sea. 

Figure 25 shows the VPA data for 0 + year old fish abundance and the ones obtained by 
trawl surveys carried out by YugNIRO (usually in May). It is seen from this Figure that the 
assessments of total 0+ year old fish abundance by the two methods had a similar trend and did 
not differ substantially in absolute values. Relatively higher differences were detected for the areas, 
primarily in 1982, since the estimates from trawl surveys showed that recruitment abundance in 
the western and the eastern parts of the basin was 5.3 and 14.1 x 10 9 of specimens respectively, 
overall 19.4 x 10 9 specimens and from VPA, 1 3.0 and 3.6, total 16.6 x 10’ numbers of specimens. 
Despite the differences, the coincidence as a whole is quite significant, especially for the recruit 
abundance in the entire Black Sea, and showed that VPA results could be used further for analysing 
the causes of whiting recruitment variations. 
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TABLE 66. Whiting numbers (x 10 9 ) and biomass (x 10 3 tonnes) in the eastern part of the 
Black Sea during the period 1971-1994 


Years 


-CT^ 


BUB 

bus 



7,7 + 

8,8 + 

vn 

1971 

4 







0.013 

0.002 

84.7 

1972 

24.968 

3.249 

0.196 

1.194 

0.106 

0.021 

0.024 

0.010 


1 14.9 

1973 

5.406 

12.395 

1.772 

0.091 

0.697 

0.037 

0.005 

0.007 

0.002 

260.6 

1974 

9.331 

2.679 

6.787 

0.993 

0.043 

0.343 

0.015 

0.002 


278.4 

1975 

9.436 

4.630 

1.466 

3.898 

0.578 

0.016 

0.139 

0.005 


330.2 

1976 

30.744 

4.669 

2.529 

0.802 

2,335 

0.283 

0.006 

0.046 


360.7 

1977 

12.306 

15.234 

2.544 

1.412 

0.453 

1.157 

0.1 15 

0.002 


486.7 

1978 

7.520 

6.086 

8.321 

1.400 

0.816 

0.221 

0.470 

0.038 


489.3 

1979 

13.058 

3.703 

3.275 

4.524 

0.703 

0.381 

0.088 

0.156 

0.010 

454.6 

1980 

9.796 

6.408 

2.027 

1.820 

2.558 

0.297 

0.147 

0.028 

0.042 

460.4 

1981 

8.304 

4.809 

3.544 

1.149 

1.072 

1.243 

0.115 

0.049 


426.9 

1982 

3.607 

4.096 

2.604 

2.019 

0.673 

0.526 

0.500 

0.038 

0.013 

386.2 

1983 

2.992 

1.780 

2.230 

1.450 

1.204 

0.326 

0.212 

0.166 

0.010 

321.9 

1984 

3.434 

1.469 

0.953 

1.162 

0.810 

0.584 

0.127 

0.068 

0.045 

251.8 

1985 

4.272 

1.705 

0.805 

0.537 

0.664 

0.373 

0.213 

0.039 

0.017 

192.0 

1986 

4.356 

2.300 

0.930 

0.460 

0.312 

0.287 

0114 

0.059 


149.6 

1987 

3.297 

2.156 

1.138 

0.517 

0.263 

0.124 

0.075 

0.023 

0.013 

126.5 

1988 

2.430 

1.636 

1.160 

0.517 

0.230 

0.066 

0.014 

0.015 


1 EE 

1989 

4.342 

1.171 

0.786 

0.475 

0.174 

0.039 

0.012 

0.002 


73.9 

1990 

8.969 

2.132 

0.567 

0.321 

0.192 

0.035 

0.006 

vSSSi 


73.0 

1991 

3.956 

4.439 

1.161 

0.261 

0.083 

0.038 

0.009 

Bsa 

0.000 

106.8 

1992 

4.343 

1.678 

1.829 

0.479 

0.109 

0.020 

0.014 


0.000 

97.5 

1993 

12.975 

2.028 

0.763 

0.782 

0.213 

0.039 

0.005 

0.004 

0.000 

99.2 

1994 

6.081 

6.377 

1.046 

0.356 

0.369 

0.079 

0.013 

0.001 

0.001 

158.7 

1995 


2.995 

3.368 

0.540 

0.183 

0.139 

0.025 

0.003 

+ 
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FIGURE 24. Whiting biomass (B1 + in thousand tonnes! in the eastern part of the Black Sea 
(data according to Table 66) 
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TABLE 67. Fishing mortality coefficients (by age groups) in the eastern part of the Black Sea 
(M = const. = 0.70) 



-57 

i ,. + 



4 . 4 * 

w - 



TTT- 

1971 


■aims 

■HO 17^ 

■i»ms 

tiiims 

KiKUdS 

KiKULfl 

Ki tmm 

KiSUDK 

1972 

0.0003 

0.0062 

0.2216 

0.0378 

0.3475 

0.4555 

0.1241 

0.1518 

0.2501 

1973 

0.0023 

0.0023 

0.0295 

0.2537 

0.0085 

0.0227 

0.0308 

0.0768 

0.0768 

1974 

0.0008 

0.0028 

0.0047 

0.0403 

0.2989 

0.0013 

0.0090 

0.0845 

0.0000 

1975 

0.0036 

0.0046 

0.0527 

0.0121 

0.0162 

0.0707 

0.0017 

0.0372 

0.0000 

1976 

0.0022 

0.0073 

0.0328 

0.0723 

0.0022 

0.0030 

0.0538 

0.0273 

0.0000 

1977 

0.0040 

0.0048 

0.0470 

0.0483 

0.0194 

0.0016 

0.0069 

0,0289 

0.0000 

1978 

0.0083 

0.0198 

0.0594 

0.1891 

0.0618 

0.0204 

0.0026 

0.0354 

0.0000 

1979 

0.0003 

0.0029 

0.0374 

0.0702 

0.1630 

0.0558 

0.0594 

0.0203 

0.0815 

1980 

0.0114 

0.0038 

0.0174 

0.0294 

0.0213 

0.0450 

0.0048 

0.0282 

0.0282 

1981 

0.0068 

0.0133 

0.0129 

0.0350 

0.0125 

0.0116 

0.0125 

0.0130 

0.0000 

1982 

0.0063 

0.0078 

0.0353 

0.0169 

0.0239 

0.0035 

0.0010 

0.0071 

0.0207 

1983 

0.0114 

0.0249 

0.1017 

0.0818 

0.0241 

0.0414 

0.0443 

0.0076 

0.0625 

1984 

0.0001 

0.0004 

0.0219 

0.0597 

0.0752 

0.1070 

0.0712 

0.0978 

0.0661 

1985 

00103 

0.0054 

0.0108 

0.0440 

0.1405 

0.2823 

0.1842 

0.1549 

0.1199 

1986 

0.0032 

0.0127 

0.0373 

0.0584 

0.2220 

0.4472 

0.5054 

0.2102 

0.1923 

1987 

0.0009 

0.0196 

0.2371 

0.3110 

0.6818 

1.2627 

0.5362 

0.1721 

0.6260 

1988 

0.0298 

0.1330 

0.3431 

0.5909 

1.0748 

0.7769 

0.9150 

0.0375 

0.7023 

1989 

0.0113 

0.1262 

0.3461 

0.4065 

0.9125 

0.9581 

0.6587 

0.6587 

0.6587 

1990 

0.0033 

0.0077 

0.2269 

0.8440 

0.9179 

0 4625 

0.5985 

0.0000 

0.0000 

1991 

0.1574 

0.2869 

0.3345 

0.3729 

0.7272 

0.0656 

0.3400 

0.0000 

0.0000 

1992 

0.0615 

0.1879 

0.2990 

0.3104 

0.3247 

0.5864 

0.2365 

0.0000 

0.0000 

1993 

0.0058 

0.0548 

0.1936 

0.2329 

0.2709 

0.2147 

0.2621 

0.2536 

0.0000 

1994 

0.0150 

0.0430 

0.1177 

0.1865 

0.2960 

0.2543 

0.2070 

0.2172 

0.2172 
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FIGURE 25. 


Number of whiting offsprings (x 10 9 ( in the Black Sea during the period 
1967-1993 (1-ichthyoplankton surveys; 2- VPA) 
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BLACK SEA TURBOT, PSETTA MAEOT1CA PALLAS 


Commercially the Black Sea turbot is one of the most valuable species in the basin, and currently 
is fished with gillnets and bottom trawls even though, at present, the latter gear is prohibited. 

In Bulgaria a minimal mesh size ( 1 80 mm) has been established for gillnets, and in 1 989-1 993 the 
turbot fishery was closed with a view to promoting the recovery of the stock along the Bulgarian coast. 
Actually the ban is valid only for the spawning season (May- June). 

Prior to the prohibition of bottom trawling the Turkish fishery was carried out with this gear, but 
with a mesh size of 200 mm. 

Table 68 shows turbot landings by countries during the period 1950-1992. During the years 
1964-1 992 Turkey had the largest landings, with a mean of 1990.1 tonnes that comprised 71 .26% the 
mean total landing of 2793.1 tonnes. The next in size were the catches of the former USSR (531.7 
tonnes or 19.04%), while those of Bulgaria and Romania were considerably lower, 196.9 tonnes 
(7.05%) and 74.0 tonnes (2.65%), respectively. 

The big landings of Turkey are determined not only by the intensive fishery of this country along 
its own coast but also off the coasts of other Black Sea countries (Table 69). 

Without indicating the fishing areas, apparently Turkish catches (following Turkish fishery 
statistics the landings taken west of Sinop refer to the western part of the basin), were greater in the 
western part of the Black Sea than in the eastern part, and totalled 1216.1 tonnes (60.83%) and 783.0 
tonnes (39.17%), respectively. According to Ivanov and Karapetkova (1979) and Ivanov and Beverton 
(1985), the fishing mortality of the exploited stock in Bulgarian waters was around 0.57 but mainly as 
a result of the Turkish fishery. 
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TABLE 68. Turbot landings in the Black Sea (in tonnes! during the period 1950-1992 
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TABLE 69. Turkish catches of turbot by regions (in tonnes) 


Years 

Eastern part of the 
Black Sea 

niiia 

Total 

1975 

1690.2 

43471 

2124.3 

T973 

55577 

2509.4 

2808.1 

T573 

532.8 

37371 

955.9 

1 975 

T5T75 

592.0 

753.6 

T575 

251.6 

57577 

1126 3 

T577 

3T375 

1623.7 

1837.6 

T575 

7TT7T 

1196.3 

1907.4 

T575 

3026.7 

2223.0 

5250.0 

7555 

121 1.0 

1414.0 

2625.0 

T55i 

1396.0 

1748.0 

3144.0 

T552 

55315 

3638.0 

4541 .0 

T553 

1365.0 

3851.0 

5216.0 

1984 

1205.0 

1 575.0 

2777.0 

T353 

55315 

14575 

45575 

T555 

55515 

T7T75 

35575 

T557 

57715 

358.0 

53575 

T5SS 

1001.0 

448.0 

1449.0 

T535 

5T575 

500.0 

1110.0 

T555 

475.0 

908.0 

1383.0 

T55l 

3T575 

55575 

91 5.0 

1992 

TT575 

35575 

ST575 

Average 

75315 

1 2l 6. 1 

1999.1 

9S 

357T7 

55753 

100.00 


The problem of determining the turbot age composition is rather complicated. Following the mentioned 
authors the latter was made of 2-10 year old fish, and rarely included 11-12 year old fish. After Russian 
and Ukrainian data the age composition consists of 2-15 year old fish; rarely 16-17 year old ones. This was 
presumably due to different ageing interpretations pointed out by Ivanov and Beverton (1 9851. This further 
reflected on some population parameters, such as growth rate, natural mortality, etc. Thus for instance, 
Ivanov and Beverton (1985) obtained the following values for the parameters in von Bertalanffy's equation: 
W =13765.1 g , k = 0.125 and n = 3.116. 

According to Ukrainian data for length at age and weight at age the above-mentioned parameters 
were estimated: 

L„ 

k 


77.1 cm 
0.130 
-0.881 


W„ 

k 


= 17793.8 g 
= 0.051 
= -2.843 
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Following Ivanov and Beverton (19851 the values of M by age groups were: 


Age 

— 


~T~ 

— 5“ 

—g— 

7 

s— 

5 


^n - 

~TT~ 

“Tl - 

M, 

0.2 

5 

0.2 

0 

0.1 

5 

0.2 

0 

0.2 

5 

0.3 

0 

0.3 

5 

0.4 

0 

0.4 

5 

0.5 

0 

0.5 

5 

0.6 

0 


On the basis of this data the authors' mean value of M was 0.19 (M/k = 1 .51. 

Efimov et al. (1986) gave mean values of M for males and females: 0.103 and 0.138 respectively. 
In the same paper they used average values of M = 0.100 and F ST = 0.200 when performing VPA. Similar 
analysis was conducted by Ivanov and Beverton (1985) who used values of 0.190 and 0.500 respectively 
for the coefficients in consideration. 

Popova showed that along the former USSR coast, the total biomass during 1 950- 1 963 ranged from 
10 300 tonnes (1958) to 15 800 tonnes (1954). Following Ivanov and Beverton, the biomass (B2 + ) of 
turbot along the Bulgarian Black Sea coast varied between 400 tonnes (1979) and 1710 tonnes (1963). 
Effimov et al. believed that for 1974-1984 it averaged to 17 000 tonnes (in former USSR waters). 
According to Acara ( 1 985) who used Fox's production model, the biomass of turbot in the entire Black Sea 
was about 26 000 tonnes (1 1 000 tonnes in the eastern and 15 000 tonnes in the western parts). 

As already noted for the Russian sturgeon, the accuracy of biomass assessments depends to a great 
extent on the reliability of catch magnitude. This concerns also turbot since sizeable amounts of landings 
are lacking from the fishery statistics. One can find support for this assertion in the Ukrainian data for turbot 
catches taken during the sprat fishery. This latter uses trawls with mesh size 6 mm, so that immature turbot 
are caught as well. Following this data the mean turbot number in April-June, season during which the sprat 
fishery is the most intensive, is 5.5 specimens per trawl haul of 160 minute duration . Similar is the case 
with Bulgarian and Romanian turbot catches. For instance during the trawl survey in September 1979 
designed to establish the whiting distribution and biomass by depth, turbot numbers in catches of control 
trawl hauls with a duration of 60 minutes, varied from 4-5 to 8-9 specimens. Having in mind that during 
1978-1989 total hours trawling for sprat approached and even exceeded 1 00 000 hours annually, it is not 
difficult to conclude that turbot landings recorded in fishery statistics are much below real catches. After 
the turbot fishery was halted (except for the Turkish fishery) its biomass showed signs of recovery. As a 
result, positive changes in turbot population structure took place that is supported by the Ukrainian data 
from YugNIRO: 

Relationships between recruitment and spawning stock (in %) during 1980-1985 and 1989-1993 


Periods 

Recruitment 
(up to 45 cm) 

Spawning stock 
(over 45 cm) 

1980-1985 

43.73 

55T7 

1989-1993 

TT45 

68.52 


The YugNIRO data have to be assessed carefully because in the latter years juvenile catches increased 
excessively and this may be the real cause for the indicated changes in the relation between recruitment 
and parent stock. 

Table 70 shows the proportional age composition of total turbot catches during 1970-1988. 


Copyrighted material 




TABLE 70. Age composition of the turbot catches (x 10 3 ) and mean weight (W; kg) during the period 1970-1988 
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The indicated age structure is defined on the basis of the age composition of catches by all Black Sea 
countries. For Bulgarian and Romanian catches since 1 979, the age composition of former USSR was used. 
The latter was also applied to Turkish catches when data for size composition were not available. The 
results of VPA with tuning are presented in Tables 71, 72 and Figure 26. 

From the given data it is seen that the turbot biomass IB2 + ) in the Black Sea during 1970-1988 
ranged between 6 100 tonnes (1988) and 25 800 tonnes (1979). 

According to Ivanov and Beverton (19851 the turbot biomass (B2 + ) along the Bulgarian Black Sea 
coast during 1970-1979 varied from 1 210 tonnes (1973) to 450 tonnes (1978). Following our estimates, 
the range was 1 8 700 and 25 800 tonnes, respectively (for the entire Black Sea). 
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TABLE 71 . Number (x 1 0 ®) and biomass (last column: tonnes x 10 3 ) of turbot in the Black Sea 
during 1970-1988 
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TABLE 72. Fishing mortality rate of turbot in the Black Sea during 1970-1988 
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Table 72 - continued 
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FIGURE 26. Turbot biomass in thousand tonnes in the Black Sea during the period 1 970 1 992 (VPA 
results with ad hoc tuning of F ST values for the oldest age groups) 
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Tables 73 and 74 show the results from cohort analysis of the catch size composition during 1989- 
1990 and 1991-1992 fby Jones' method, 1981). 

TABLE 73. Mean number (x 1 0 3 ) and biomass (in tonnes) of turbot during the periods 1989-1990 
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The two assessments of turbot mean biomass during the periods 1 989- 1 990 and 1991-1992 differ 
substantially. The estimates of mean catches during the two periods, 1 416.5 and 680.6 tonnes 
respectively, are the major reason for these differences. The catches presented are probably strongly 
understated especially during the second period, which has an immediate effect on the assessments. This 
proves once more the extreme importance of the real catch data for the reliability of VPA estimates. 

In Table 75 are shown the turbot biomass assessments obtained from control trawl hauls with a 24.6 
metre bottom trawl a catchability of 0.15 being assumed. 

The assessments also differ essentially between each other during certain years and periods. 
Comparing our estimates with those of the mentioned authors we found that the former are very close to 
estimates of Acara (1985) and Effimov era/. (1986) . Therefore, the results from the VPA were used for 
establishing the impact of the factors influencing the turbot stock dynamics, presented in a separate section 
together with that for the remaining commercial fish species. 


TABLE 75. Turbot biomass (in thousand tonnes) in the Black Sea and in the waters of the former 
USSR during the periods 1970-1984 and 1989-1993 


Years 

The minimum 
biomass of turbot in 
the waters of 
former USSR 

Turbot biomass ir> the 
Black Sea according 
to YugNIRO trawl 
surveys 

Turbot biomass in the 
Black Sea (VPA 
results) 

Turbot biomass in 
the Black Sea as 
assessed by 
tagging 

T575 

5.3 




T57T 

31 




1575 

373 




T573 

3.7 




T573 

T7 — 




T573 

T1 

5315 

51 


1573 

rs 

55(5 

ill 


wn 

3! 

531 

T513 


1975 

572 

TT5 

51 


1575 

5.4 

TT3 

nrs 


1555 

TS 

10.0 

Tsa 


1531 

Tl 3 

51 



1982 

4l 

51 



1533 

5.3 

5.3 

5575 


T33T 


o 



1975-1979' 

2.5 

3775 

f 174 

1971 

1980-1984' 

435 

51 

155 

i n 

1 989-1993' ' 

O 





* according to data of Effimov at at. (19861 
** annual reports of YugNIRO 
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BLACK SEA MACKEREL, SCOMBER SCOMBRUS LINNAEUS 


Due to its great commercial importance, the mackerel has been intensively studied in almost 
all Black Sea countries. However, there exist many discrepancies concerning the species biology 
that impeded the solution of the problem of rational exploitation of stocks (Ivanov, 1 966). Mackerel 
landings have dramatically declined and since 1 968 vanished along the coasts of Bulgaria, Romania 
and the former USSR (Table 76). During the period 1952-1968 the former Soviet Union had the 
highest landings averaging 1503.4 tonnes, or 49.42% of the total mackerel catch in the Black Sea 
(3042.2 tonnes). The next in size were the Turkish and Bulgarian catches amounting to 908.2 
tonnes (29.85%) and 561.2 tonnes (18.45%), respectively. The Romanian landings were the 
lowest: 69.5 tonnes (2.28%). Table 76 also shows that since 1968, mackerel are harvested only 
off the Turkish coast. The mean annual catch during the period 1 969-1 992 was 215.5 tonnes, i.e. 
one fourteenth of those during 1952-1968. 

The Black Sea mackerel spawns in the Sea of Marmara (Zernov, 1913: Netchaev, 1941; 
Numman, 1954; Demir and Acara, 1955). However, some authors have reported the occurrence 
of fish in ripe running condition in the Black Sea, also (Drensky, 1922; Nechaev, 1934, 1941; 
Zambriborz, 1955). 

Migrations of mackerel can be inferred from fisheries’ data, as well as from tagging of fish in 
the Bosporus and along the Bulgarian coast (Netchaev, 1933; Numman, 1956; Ivanov, 1966). 
Fishery statistical data show that the mackerel was fished heavily in the Bosporus in December- 
January and in April, off the Bulgarian coast in May-June and in November- December, and in the 
north-western part of the basin from July to September. The landings along the Anatolian and 
Caucasian coasts and in the Kertch Strait were insignificant and irregular (Ivanov, 1966). Therefore, 
the data given in Table 77 are of great interest. 
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TABLE 76. Mackerel ( Scomber scombrus) catches in the Black Sea (in tonnes) during 
the period 1942-1992 


Years 

Bulgaria 

Romania 

former USSR 

T urkev 

Total 

1945 

2025.6 

TTT5 

ran 

1570.6 

3876.6 

TST3 

1868.0 

5.0 

13370 

1021.4 

3077.4 

1333 

740.0 

T5 

no data 

2766.8 

5009,6 

1335 

1026.0 

50.0 

23575 

1679.8 

3041 .6 

1946 

35ol> 

5To 

43770 

1843.7 

2774.7 

1337 

826.0 

1015 

35575 — 

33373 

1 665.0 

1948 

54413 

25j0 

T4T75 

1626.7 

2139.7 

T555 

55715 

51 .0 

257.0 

2159.0 

3134.0 

1353 

1266.0 

5315 

trains 

27i6.6 

5009.6 

1851 

31375 

i5.5 

35070 

1200.0 

1908.5 

1952 

380.0 

4577 

5551 

2274.5 

3394.3 

1353 

941.0 

3T75 

1838.4 

3260.0 

B37T73 

1954 

1405.0 

201.5 

4B71.9 

1590.0 

8068.4 

1355 

T5I15 

43.1 

3T77S 

35070 

182278 

1355 

31) 

0.1 

575 

23575 

54371 

1957 

775 

T2 

6.6 

70.0 

75.2 

1335 

1551! 

19.8 

96.4 

23373 

5T2T2 

1555 

33575 

5577 

1859.2 

410.O 

277378 

1960 

1526.0 

T04~1 

1756.3 

53373 

3886.4 

1381 

5551! 

ran 

2091.9 

53573 

3134.1 

1552 

67273 

235"3 

1603.7 

53373 

3011.5 

1353 

3TO — 

12T75 

3223.3 

55575 

4636.1 

1553 

1671.0 

75a 

2156.2 

550.0 

4450.6 

1355 

57515 

5571 

2949.7 

7T772 

3737.3 

1966 

1343 

575 

1327.4 

2144.6 

3706.5 

1357 

15377 

575 

15573 

55775 

53871 

raos 

331! 

0.6 

575 

35575 

5T7T3 

1353 

G75 

575 

575 

35371 

35371 

1975 


575 

575 

52173 

52273 

ran 

515 

575 

575 

?T5 

5jS 

1972 

ET5 

575 

575 

175.7 

175.7 

rara 

575 

5.5 

575 

1 25.4 

12574 

1573 

0T0 

575 

575 

5T5 

0.2 

ra75 

575 

575 

575 

76.6 

7578 

1976 

575 

575 

0.0 

4.1 

4.1 

— ra77 — 

575 

070 

0.5 

573 


1978 

0.0 

57) 

573 

3071 

3571 

ra73 

0.0 

575 

575 

73371 

7331 

rass 

575 

575 

0.0 

4.0 

4.0 

rasi 

5.0' ' 

— 070 

575 

575 

515 

rass 

575 

575 

57) 

9.0 

9.0 

1353 

575 

575 

0.5 

T775 

R15 

1984 

0.0 

575 

0.0 

7T6 

2373 

TM5 

575 

575 

575 

31375 

413.0 

raso 

<5“5 

575 

57> 

247.0 

23775 

1357 

575 

575 

575 

654.0 

654.0 

T988 

(H) 

0.0 

0.0 

534,0 

55TO 

rass 

575 

575 

573 

3575 

5375 

raso 

0.0 

575 

0.0 

5575 

5573 

rasi 

575 

575 

575 

78373 

75373 

ras5 

6.6 

575 

0.0 

224.0 

2241) 
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TABLE 77. Turkish catches of mackerel ( Scomber scombrus 1 in the Black Sea. Marmara, 
Aegean and Mediterranean during 1967-1992 (in tonnes) 



mmammum mmmmmm mm ^ 
m mm mm mmmmm mmmm b» 
m mm mmmmm mm mm mm wm 
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0.05 
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As one can see during the period 1967-1992 the mean catch in the Black Sea was 237.1 
tonnes (32.96%) and in the Marmara. Aegean and White Sea (Mediterranean), 336 (46.71%), 
133.7 (18.59%) and 12.5 tonnes (1 .74%), respectively, totalling 719.3 tonnes. It is quite curious 
that after the extinction of the species from the north-western and western parts of the Black Sea 
including the Bulgarian coast, landings in the eastern part (the Anatolian coast of Turkey to the east 
of Sinop) increased considerably. The averages catch in the eastern part (east of Sinop) was 99.1 
tonnes (52.05%) during the period 1972-1992 while that in the western part (west of Sinop) was 
91.3 tonnes (47.95%). From the data presented it is evident that mackerel is fished there even now 
although the species is considered extinct off Bulgarian, Romanian and the former USSR coasts. The 
problem is further complicated as the Black Sea mackerel does not differ morphometrically from the 
mackerel in the Atlantic and Mediterranean (Ivanov, 1966), i.e. they represent distinct populations 
of one and the same species [Scomber scombrus) characterised by their own biological parameters 
(age at first maturity, growth rate in length and weight, etc.). According to these peculiarities, the 
mackerel in the Black Sea, is more akin to that in the Mediterranean (Ivanov, 1966), making it 
almost impossible to distinguish them, especially in the Aegean Sea. The former has always been 
considered to spawn in Marmara and trophically to be a Black Sea stock. For this reason it is very 
hard without special research to establish the population, the mackerel caught at present belongs 
to the Black Sea or the Mediterranean stock, since the latter has entered the Black Sea in the past 
(Krotov, 1 940; Zabriborz, 1 955; Ivanov, 1 966). The problem appears further more when taking into 
consideration that in these seas the Atlantic (Spanish) mackerel, Scomber japonicus is also present. 
From Table 78 it is seen that during the period 1967-1992 the catches of the latter species ranged 
between 1 12.3 and 32 280.0 tonnes, with a mean of 8 674.5 tonnes, i.e. since 1975 this species 
has predominated over the other ( Scomber scombrus) native Black Sea mackerel stock. 

It is also apparent that Turkish catches of S. japonicus in the Black Sea were harvested in its 
western part (west of Sinop). Nevertheless off the Bulgarian coast, the catches were negligible and 
were not recorded in the fishery statistics. From our observations during the period 1985-1987, 
around 40-60 kg were occasionally captured. It is also interesting to note that since 1988, catches 
of these species have steadily decreased, accompanied by their increase in the Aegean and 
Mediterranean, although the common trend has been towards a decrease of total catches. This 
indicates that the fish enters the Black Sea when its biomass increases, as a result of which its 
capabilities for feeding in the Marmara, Aegean and Mediterranean are lower. The current species 
distribution, primarily in the eastern part of the Black Sea (east of Sinop), may be regarded as 
indirect evidence of the deteriorated conditions of life in the western part of the basin. 

Table 79 shows the age composition of Black Sea S. Scombrus mackerel catches during the 
period 1952-1968. The latter is reestimated using Ukrainian data for the age composition of the 
former USSR catches, as well as the data of Ivanov (1966) and Ivanov and Beverton (1985). The 
Romanian and Turkish data relate to the years when the size composition of the catches had been 
determined . As was pointed out (Table 771 the combined catches of Bulgaria and the former USSR 
during the period 1952-1968 made up 68% of the total catch in the Black Sea, i.e. covered the 
major portion, thus making the age composition mentioned representative and allowing stock 
assessments to be carried out. The VPA with tuning of F^ for the oldest age groups was used for 
this purpose. 
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TABLE 78. Mackerel (Scomber japonicus) catches in the Black Sea, Marmara, Aegean and 
Mediterranean during the period 1967 - 1992 (in tonnes) 


Years 

Eastern 
part of 
Black 
Sea 

Western 
part of 
Black 
Sea 

Black 

Sea 

Total 

Sea of 
Marmara 

Aegean 

Sea 

White 

Sea 


1967 



§33 

IE HW 

MfflEI 

6.7 


mmm 



5.6 

—4-T-lMi 

25.1 


■EMM 

1969 



5TO 


25.7 

103 


1970 



7.3 

3871 

65 . 7 

4.5 

1 1 2.3 




3.0 

iTO 

7.0 

10.2 

136.9 

aoa 

2.4 


a££2Ji 

349.0 

68.5 



am 

4.0 

1071 

14.1 

62.7 

10.4 

25.6 

112.8 

aui 

0.0 

nrs 

103 


15.0 


■!**■ 

■KMf 

0.0 

483 

40 


44.8 

151.6 



ia3 

3.1 

TO 

— .IMM 


■Mill 


1977 

0.0 

24.8 

24.8 

1 150.4 




1978 

12.0 


mmm 



aiiu 


1979 

0.0 

2134.6 

2134.6 

794.9 

90.9 


3086.0 

1980 

0.0 

1936.0 

1936.0 

1971.0 

364.0 

67.0 


1981 

0.0 

■EEETf 

■Ef:EW>M 



»EMT« 


1982 

0.0 

2687.0 

2687.0 

5548.0 

■.-EMM 

239.0 

9011.0 

1983 

0.0 

646.0 

646.0 

2296.0 

602.0 

511.0 

4055.0 

1984 

0.0 

935.0 

935.0 

940.0 

770.0 



1985 

2262.0 

12796.0 


4695.0 

1669.0 

818.0 

22700.0 

1986 

594.0 

8231.0 

8825.0 

15600.0 

1634.0 

1315.0 

27400.0 

1987 

693.0 

9597.0 

10290.0 

18190.0 

2132.0 

1348.0 

31960.0 


1293.0 

T»ETOt>J 

11810.0 

16500.0 

2455.0 

1515.0 


1989 

416.0 

10631.0 

11047.0 



aiiSJI 


1990 

1264.0 


6779.0 


4002.0 





6744.0 

7430.0 

1476.0 

3512.0 

2260.0 

14678 

1992 

0.0 




3345.0 

5101.0 

14762 

Mean 

344.7* 

3718.4* 

3305.3 

4063.1* 

3674.5 

974.7 

720.0 


% 

8.48* 

91.52* 

38.10 

100.00* 

42.36 

11.24 




Copyrighted material 

















































































































116 


TABLE 79. Age composition in numbers (x 1 0 6 ) of total mackerel (5. scombrus I catches in 
the Black Sea during 1952 - 1968 


Years 

0 + 

T7T+ 

rrt — 

mi 


m 


— TO — 

T5S3 









1953 








m-i-xim 

1954 

9.2813 



m*WLyi»m 

[ 0.4404 | 

0.0047 



T5S3 

0.0001 





0.0000 

T»fHM 


T55S 

(5T53S5 








1957 

0.3742 







lim 

1SS8 

5.7640 








T53s 

14.8774 

TOCI-MM 




0.0000 

m<-W.Wn-U 

■KMl 

I960 

14.1546 





0.0000 

mv*.viyn 

■n*i« 

T361 

5.8795 

1 12.1199 | 





mtESU 

■EfrICiB 

T5S3 

8.6878 








T353 

2.4073 







■EMOl 

T55T 

■UUUiUfll 



mitti 


■ifiiSiiil 

mSsttiSI 


1965 

11.6562 





■**■!»*■ 



T35B 

1 .1818 





MW 



T3S7 





mu9 




TS5S 



■■■■ 

■■■■ 


■■■■ 


■■■■ 


On the basis of the age compositon of the Bulgarian catches as well as of its predators' 
catches Ivanov and Beverton (1985) noted that during the periods 1954-1958 and 1959-1965 the 
Z. M and F values were as follows: 


total mortality 








■DQD 



1.14 1.97 2.93 4.02 

~ ra— 

1739 2.08 2.77 - 

0.69 T3! 2.48 3T7 


0.44 0.45 0.45 

0.45 0.45 0.45 0.45 


The above values of F, and M, were obtained under the assumption that during the two 
periods the fishing mortality rates by age groups were equal. 


According to the data of average age composition of the total catches, during the same two 
periods the Z values are the following: 


Total mortality 

1954 - 1958 
Age 

1 2 3 4 Mean 

1959 - 1965 
Age 

1 2 3 4 Mean 

Z, 




* The mean values of Z were estimated by linear regression between the mean numbers of the 

corresponding age groups. 
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From the above values, apparently the mean Z value was lower by roughly 0.393 during the 
second period. This may be explained in two ways. The first assumes that the decline in mean Z 
is due to the lowered fishing effort. The second assumes that the mean M decreased owing to the 
depletion of predators (bonito and blue fish to a certain extent). Ivanov and Beverton (19851 
believed the second hypothesis, adopting a constant fishing mortality rate during the two periods 
of F = 0.45. From the author's data for M, the mean values were retained to be 1 514 and 0.960 
for the corresponding periods. Working on the mean Z values as estimated by us. it was established 
that the mean F values have been 0.692 and 0.853 respectively. These agree well with the fishery 
statistical data, showing that the average mackerel landings in the Black Sea during the two periods 
concerned have been 2 855.3 tonnes (1954 1958) and 3 813.0 tonnes (1959-1965). 
Consequently, the average catch has increased by 1.34 times during the second period and the 
mean value of F by 1.23 times. This is because the magnitude of the catches depends on the 
fishing effort, but also on the stock size. Therefore, when conducting the VPA for the different 
periods, initially the following mortality coefficients were used: 


Mortality rates 





^ST 

0.692 

0.692 

0.853 

0.377 

M 

0.960 

1.514 

0.960 

1.241 

Z 

T655 

2.206 

1.813 

1.618 


* the average catch in the Black Sea during the period 1 966 - 1 968 was 1 686.6 tonnes, by reason 
of which the figure 0.377 was applied as initial value for F 5r . 


During the period 1966-1968 the average bonito landing was 18 545.5 tonnes, while in 
1954 1958 it was 36 250.0 tonnes. Bearing in mind that the difference between the mean values 
of M during 1954-1958 and 1959-1965 was 0.55 it has been concluded that during 1966-1968 
M was probably around 1 241. 

The mean weights at age used are those of Ivanov (1966) for the spring when the species 
completes the corresponding biological age and therefore the estimated initial biomass coincides 
with the initial exploited biomass that is recruited in autumn. Hence, the estimated exploited stocks 
(B1 +) in spring are almost equal to the spawning stock size. 

Tables 80, 81 and Figure 27 present the VPA results with tuning of the values for the oldest 
age groups. 
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FIGURE 27. Spawning and exploited biomasses of mackerel in the Black Sea 

From Table 80 it can be seen that the initial (May-Junel exploited stock (B, .) varied between 
112 (1968) and 16070 tonnes (1963) during the period 1952-1968. The same stock at the end of 
July-August receives recruits of mackerel offspring that are intensively caught off the former USSR, 
Romanian and Bulgarian coast, mainly during in the autumn (September November). This stock 
moves along the coast of the above-mentioned countries towards its wintering grounds in the Sea 
of Marmara, where it spawns in the next year (April). The Black Sea mackerel population matures 
when the fish become one year old (Ivanov, 1966). 
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The strong variations of total exploited biomass (B 0 J are due to the different abundance of 
the particular year classes. During the period under consideration this biomass has ranged from 
1580 (1967) to 52800 tonnes (1962). The strongest year classes have been those of 1962 
(415.5 x 1 0 6 ) and 1953 (400.3 x 1 0'®). Conversely, the 1966 and 1967 year classes have been 
low in abundance (5.81 x 10-6 and 7.23 x 10-6, respectively). Besides, these year classes have 
been subject to an intensive elimination from the commercial fishery. The values of F during the 
corresponding years were 0.4167 and 1 .2488. This is also the period when the mackerel predators 
showed major growth in stock size (1968-1972). 

In Table 82 are shown the parameters in the following equations: 


(12) R = a*B*exp (-bB) 

(13) R = a*B*exp (-bB - cY) 

(14) R = a + bB - cY 

R - number of 0+ year old fish of mackerel; B - mackerel spawning biomass (A1 +); Y - bonito 
catch 


TABLE 82. Values of the parameters "a", "b” and "c" in the equations (12) - (14) 


Parameters 

Equation 12 

Equation 13 

Equation 14 

a 



111.8385 

b 

0.1149556 

0.1169585 

13.0746 

c 


0.0022465 

2.6223 

Bopt 

8.699 

8.550* 


Rmax 

164.117 

168.897* 


r 

0.4762 

0.4864 

0.4480 

d^5 

25768 

23766 

20.07 

5 % 

77732 

75734 

79.93 


* - at Y = 6 


In Table 83 are given the parameters in the following equations: 

(15) Y = a - bXI ; (16) Y = a - cX2 ; (17) Y = a - dX3 

(18) Y = a - bXI - cX2 - dX3 

(19) Y = a -bXI - cX2 - dX3 - eX4 - fX5 -gX6 


Y is the catch of mackerel during the year observed; X, is the catch of bonito during the 
previous year; X 2 is the catch of blue fish during the previous year; X 3 is the catch of mackerel 
during the previous year; X 4 , X 5 and X 6 are the summarised catches, respectively of bonito, blue 
fish and mackerel during the previous 2 years. 
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TABLE 83. Values of the parameters in the equations (15) - (19) 


Parameters 

Equation 

(15) 

Equation 

(16) 

Equation 

(17) 


■2H 

a 






b 

0.3410 





c 




03344 


d 






e 







■ 




071978 

9 





0.1526 

r 

0.459 

0.350 

0.388 

0304 

0625 

D% 

21.07 

123 5 

15.05 

36.48 

39.44 

S% 

78.93 

87.75 

74.95 

5333 

60.56 


It is seen that mackerel catches increase inversely to the bonito and blue fish catches during 
previous years, and vice-versa. Hence, if the values of the catches of the three species are adequate 
to the size of their stocks, then Ivanov's and Bevertons (1985) conclusions, are true. According 
to these authors, strong declines of mackerel stocks have been recorded during 1 892-1894, 1910- 
1914, 1935-1939, 1955-1958 and from 1966 till now. During the first 4 periods the decline of 
mackerel stocks has been caused by a considerable increase in the biomass of bonito and blue fish, 
which are predators of the youngest mackerel group (0 + ) . However, during the periods pointed out, 
the blue fish stocks have been under the mean annual level, because of which the mackerel 
managed to overcome the negative consequences of growth in abundance, and biomass of bonito. 
Practically the almost complete disappearance of mackerel from the Black Sea after 1968 was 
determined by the coincident increase of bonito and the blue fish stocks and also by the increased 
fishing mortality on the recruitment, especially in 1966 and 1967. Since mackerel spawns in the 
Sea of Marmara that is much smaller than the Black Sea, the possibility of mackerel offspring 
avoiding its predator is considerably lower. Probably this is the major reason for the Black Sea 
mackerel population almost disappearing; in 1 968 its total biomass (BO + ) dropped to 4 332 tonnes. 
In the same year the offspring biomass was 4 220 tonnes and the bonito catch reached its 
maximum value (27 969.2 tonnes). 

The disastrous decline of the mackerel stock and the almost full disappearance of this species 
in the Black Sea proves without any doubt, the necessity for a new ecological approach to 
exploitation of the living resources with a view to their preserving and recovery. 

According to the theory of the dynamics of fish populations the total allowable catch (TAC) 
or maximum sustainable yield (MSY) are defined by means of theoretically derived values for F opl 
= F 0 , or F mly . However, when estimating these mortality coefficients, the influence of various 
abiotic and biotic factors of the environment is rarely taken into consideration. 

It is assumed (Prodanov, 1 990) that the values of the coefficient mentioned are not constant, 
and depend on the size of the stock and on the abundance of its predators, since the latter ones 
have a direct effect on the level of its natural mortality. The same involves the environmental 
conditions which in some years are favourable for the reproduction and survival of new generations, 
and in others, just the contrary. 
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On the basis of Ivanov and Beverton's data (1985) for the level of the natural mortality 
coefficient and weight growth by age groups of mackerel during 1955-1958 and 1959-1965, it is 
established that in the first period F 0 , = F„„ v had to be 0.09 and in the second, 0.58 
(See Figure 28 and box). 

During years 1966-1969 the situation had been as in 1955-1958, i.e high predator 
abundance. The fishing mortality was 0.60-1.38 instead of 0.09. Hence, an irrational increase in 
the mackerel fishery at the time of increase of its predators is the main cause for dramatic collapse 
of mackerel stocks. 



Fig. 28a Determining of the F ow value at C„„ = Y e 


The B' 0 /B 0 ratio decreases with F at a constant recruitment with normal levels of natural 
mortality (1959-1965). 

The 1 1P„ ratio increases with F reflecting the growth in weight by age groups of mackerel 
during the period 1959-1965. F^, = 0.58 

For more details see Prodanov (1989). 
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Figure 28b. Determining of F 0PI value at C„„, = Y E 


The *B’ 0 /B 0 ratio decreases at constant recruitment, increased natural mortality and increased 
weight growth by age groups. 

The 1/*P„ ratio increases with F reflecting the weight growth by age groups of mackerel 
during the period 1954-1958. 


= 0.09 

The second case shows that with increase of natural mortality, the mackerel stock will begin 
to decline if the recruitment does not increase, despite increased growth in weight by age groups. 
In order to avoid the stock decline due to the negative impact of the predators in this situation, it 
is necessary to abruptly decrease the fishing mortality. 
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BONITO, SARD A SARDA LINNAEUS 

The bonito is a wide-spread fish species in the Black Sea, Marmara, Aegean and 
Mediterranean Seas. It migrates in a similar way to the mackerel. In spring the fish enter the Black 
Sea for feeding and spawning and in late autumn turn back for wintering in the Marmara and 
Aegean Seas. They attain sexual maturity at 1 to 2 years of age and at lengths of 40-45 cm. This 
fish species has a short life span and a high growth rate. The maximum length and weight the 
bonito approaches are 103 cm and 9.7 kg respectively (Nikolov, 1 960; Ivanov and Beverton, 1 985). 


In Table 84 the bonito landings in the Black Sea during the period 1950-1992 (in tonnes) 
are shown. 


TABLE 84. 8onito landings in the Black Sea during 1 950-1 992 (in tonnes) 


Years 

Bulgaria 

Romania 

former USSR 

Turkey 

Total 

T5575 

450.7 

10.0 

3575 

5695.0' 

6195.7' 

5551 

3773 

TO 

3575 

1752.0 

1836.4 

1955 

152,5 

0.0 

3575 

3505.0 

3687.5 

5553 

35575 

TO 

3575 

9200.0 

952975 

7554 

2192.2 

5375 

35575 

14700.0 

17235.2 

1 955 

75335 

75375 

753575 

49200-0 

51937.9 

1956 

1405.1 

55575 

5580.0 

5557577775 

82791.1 

T557 

101 5.1 

37775 

853575 

355757575 

3585271 

T553 

1 i lfl.3 

75375 

4180.0 

27200.0 

32654,3 

7555 

753375 

3575 

35575 

19650.0 

20924.9 

7555 

3193.6 

77775 

3T575 

12100.0 

15674.6 

7551 

53373 

3770 

35575 

3355575 

4353573 

7555 

3375 

7575 

7575 

4600.0 

4654.8 

7553 

33571 

0.0 

3577! 

20400.0' 

20668.1 ' 

7553 

5537 

TO 

7575 

555573 

7532.9 

1 965 

755371 

14.0 

3577! 

12800.0 

i4§3J.i 

1966 

757575 

4~0 

377775 

9320.0 

11669.0 

7557 

3381. i 

TO 

3577! 

8813.9 

1 1 126.0 

7555 

1015.4 

TO 

37775 

5737573 

10766.8 

7555 

1 576.4 

2.0 

10.0 

18750.9 

20339,3 

7575 

3575 

015 

013 

13082.0 

13111.6 

7571 — 

3575 

015 

013 

20835.0 

37557575 

7575 

0.0 

015 

oH 

10691.9 

1 669 1.9 

7573 

TTf 

015 

015 

3375573 

333575 

7573 

1 5.6 

015 

013 

3786.2 

3661.8 

7575 


015 

013 

3673 6 

MV3.4 

7575 

355 

015 

013 

2383.2 

2333775 

— 7577 — 

3373 

013 

013 

335375 

353777 

7575 

iH"7 

015 

013 

4079.4 

4d9o.i 

7575 

0.7 

015 

013 

6675 8 

8076.5 

7555 

iT4 

013 

013 

13486.4 

13499.6 

7551 

75577 

015 

013 

757.0 

53777 

7553 

3H 

ou 

OH 

18415.0 

18418.3 

— 7553 — 

3375 

015 

0.0 

23206.0 

3333575 

7553 

5H 

015 

013 

2258.0 

2258.9 

7555 

0.7 

015 

013 

16688.0 

10668.7 

7555 

o“5 

01) 

0.6 

8327.0 

833773 

7557 

m 

015 

013 

13140.0 

13153.1 

7555 

oTo 

0.6 

OH 

13596.0 

13596.0 

7555 

0.5 

015 

0.0 

3863.6 

3575375 

7555 

T&. 1 

015 

OH 

11207.0 

11223.7 

1551 

035 

015 

013 

1 5857.0 

15857.0 

7553 

015 

015 

6.6 

6211.0 

6211.0 


• Turkish landings during the period 1950-1963 are considered in the four above mentioned seas. 
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The magnitude of Turkish bonito catches, by regions, during 1967-1992 are presented in 

Table 85. 

It is seen that during the period 1967-1992 the average bonito catches in the Black Sea 
(9 628.3 tonnes) represented 72.37% of the average total catch (13 306.6 tonnes). Next in size 
were the catches in the Sea of Marmara: 23.06% (3 067. 1 tonnes), while those in the Aegean and 
Mediterranean Seas were insignificant (overall 4.57%). 

It appears from the above that even at present bonito landings are highest in the Black Sea. 
Because of this, the fact that the bonito does not migrate towards the north-western part of the 
basin proves its increasing pollution and arises a certain interest. This is presumably the major 
reason for the sharp decline of bonito catches along Bulgarian, Romanian and the former USSR 
coasts. 


TABLE 85. Turkish landings of bonito by regions during 1967-1992 (in tonnes) 


Year 

Eastern 

part of 
Bl. Sea 

Western 
part of 
Bl. Sea 

Black Sea 
Total 

Sea of 
Marmara 

Aegean 

Sea 

Medi- 

terra- 

nean 





BiiiiUS 



3315 






9027.2 

154.9 

■1HM 



- 




157.9 

69:0 

EiEtUjM 

1570 


595.3 


247612 

— 5T317 — 

59.3 


1577 

Wl-Xi-HM 

55515 


2829.1 

5515 

16.4 


1575 


5355 

10091.9 

1634.3 

3T15 

5515 


1573 


53515 


55717 

73,3 



1573 




— 153717 — 

91.1 

71.6 


1373 


674.4 


53515 

13515 

71.6 

4140.0 

1575 




35515 

55775 

— 7575 — 


1377 




55315 

7715 



1375 




101 3.5 

17315 



17575 


78715 


55317 

5575 



1350 


1881.8 


53575 

T5T15 



T7575T 

35575 

33773 

75710 

33515 

17.0 

5010 


1355 






5773 


17)53 




507310 

63510 

121.0 


17553 

52070 

1738.0 


355315 

5T575 

5573 


17553 




53515 

55375 



T5S3 

3313.0 

50T415 

8327.0 

135715 

B3575 

wl\ 


1557 








1555 


8040.0 


1317.0 




1555 


155715 


35515 

■U£2fl 



1555 

4057.0 



1942.0 

86X0 



1557 

75555 


mu 


95515 



1555 


2817.0 

6211.0 


5557! 



Average 




3067.1 

3T513 



ss 



72737 

53155 

3.16 

^ 37 - 



Precise recent estimates for bonito biomass are not available. According to Ivanov and 
Beverton (1985) it varies between 10 000 and 200 000 tonnes. 


As it is well-known, the bonito forages primarily on anchovy, horse mackerel, young mackerel 
and considerably less on sprat, blotched pickerel, young mullets, etc. For this reason the bonito 
holds a significant place in the trophic interrelations between pelagic fishes. However the lack of 
regular biological research on this species does not permit the use of a number of biostatistical 
methods. That is why before such data become available the bonito biomass should be roughly 
assessed by scientific cruises, mainly in the Sea of Marmara during the time of its overwintering. 
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It is seen that Turkish catches of blue fish represent on average 98.09% of the total blue fish 
catches in the Black Sea. For this reason we examine in more detail the distribution of Turkish 
catches by regions and seas (Table 87). 

TABLE 87. Turkish catches of blue fish by regions and seas during the period 1967-1992 
(in tonnes) 


Year 

Eastern 
part of 
Bl. Sea 


Black Sea 
Total 

Sea of 
Marmara 

Aegean 

Sea 

— Frar — 

terra- 

nean 


1967 



174X5 

3327.7 

56.5 

41.8 


T35S 




2456.9 

5X5 

94,4 


T555 





51.2 

5475 

4439.0 

T575 

Kim 

B5075 


1981 .8 

7X5 

52.5 

“87757 8“ 

1971 


55X4 


7430.9 

5X5 

1 54.1 


T575 


550.6 

jBDXL M 

2103.8 

53.2 

T3575 


T573 

T573 

5X5 

70571 

T4T77 


5X5 


T7574 

m3 

553 

7TTT 

55X5 

2773 

53.1 

B7475 

r§75 

25X4 

1 655.7 


550.4 

81.4 

5575 

2840.7 

— T57B — 

5687.1 

2131.9 

7819.0 

642.6 

— 55575 — 

57.1 


bujujbi 

■El 

4886.5 

8560.8 

1111.2 

55X7 

T7575 

■vl-rTf 

1978 

777 7 



5543 

44.1 

T5575 

HUikSJB 

T575 





5T3 

I 


T5S5 

95475 



3202.0 

3475 

TTC0 


1981 




5938.0 

55 775 

55X5 


T355 

8576.0 



8369.0 

35X0 

T547! 


T553 




6378.0 

573.0 

615.0 


T5S4 


47T0 


5431.0 

733.0 

45575 


1985 


2473.0 

mum 

57X5 

55775 

17575 


1 986 


81 & 1.0 


7839.0 

185.0 

T577S 

muyi 

T557 



■•in™ 





T555 



■•HIM 



449.0 


T555 


459X0 


35477) 

55575 

55775 

■ IlffrA *«■ 

T555 

T5X0 



2933 0 

55X0 

57475 


T55i 

1294.0 

77157) 


2509.0 

45775 

3TX5 


T555 

T7575 

4528.0 

4700.0 

3704.0 

57775 

3T575 






554X7 

57475 

T5X4 


% 



69.20 

75X5 

5773 

1 .85 

100.00 


The average catch in the Black Sea (6 972.0 tonnes) represents 69.72% of total blue fish 
catches (10 074.7 tonnes). Next are the catches in the Sea of Marmara: 26.22% (2 641.7 tonnes). 
The landings from Aegean and Mediterranean Seas are insignificant - their average combined catch 
is 461 .0 tonnes (4.58% of the mean total blue fish catch). 


It appears from the same Table that blue fish catches are taken primarily in the western half 
of the Black Sea, i.e. west of Sinop. The average catch during the period 1970-1992 is 5024.9 
tonnes; that is 66.20% of the average total catch in the Black Sea. They are taken most probably 
in the Bosporus or in its vicinity during the spring migrations towards the Black Sea. The blue fish 
caught east of Sinop confirms the negative impact of pollution of the basin, especially in its western 
part, since in the last 10-15 years the blue fish has been absent along the coasts of Bulgaria, 
Romania and Ukraine. 


The blue fish, like the bonito, is a significant component in the trophic interrelations between 
pelagic fishes. All this stresses the necessity of yearly assessments of its biomass size. As was the 
case with bonito, regular biological investigations have not been carried out, which makes it 
impossible to apply biostatistic methods for assessing blue fish stocks. 
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MULLETS, FAMILY MUGIUDAE 


The mullets are represented by 5 species in the Black Sea; the golden mullet ( Liza aurata ), 
the leaping grey mullet [Lisa saliens) and the grey mullet ( Mugil cephalus I, are the three main 
species having a commercial importance. However, the catches have not been separated by species 
(Table 88), except (or the former USSR as well as the Bulgarian catches during certain years. 
Because of this, an accurate assessment of their stocks is impossible. 

From Table 88, it is evident that the Turkish mullet catches represent 87.99% of their total 
catches in the Black Sea. They are caught primarily along the eastern Anatolian coast, east of Sinop 
(76.40%). 

TABLE 88. Mullets catches (in tonnes) by countries in the Black Sea during the period 
1967-1992 


Years 

Bulgaria 

Romania 


uom 

wm 

ifBM 


7557 

375 


9000 





7555 

275 


75575 





7555 

12.7 


400.0 





1575 

8.1 


300.0 

4453.8 

55775 

4701.0 

5009.1 

7571 

8-9 


5557! 

2006.4 

55575 


2441.1 

1972 

18.7 


35575 

1 1 14 0 

T33~§ 


73775 

7573 

5.3 


35575 

600.8 

T3T2 

74276 

1147.3 

1573 

12.1 

H5 

400.0 

§7575 

144.8 


■ Ljpy.M 

7575 

7575 

T"B 

400.0 

75T7S 

— 57575 — 



1575 

14.7 

5.0 

3557! 

§5775 

73575 

7046)8 


7577 

5.7 

5TB 

27575 


35573 

135575 


7575 

7.S 

515 

77575 

712.8 


■UiLSJH 


7575 

1 9.5 

05 

2557! 



■imm 


7555 

6.3 

i“B 

5575 

2317.0 

31015 

2627.0 


7587 

10.1 

r5T5 

25575 

725875 

441 .0 

755575 

2004.1 

7555 

2.7 

5"B 

55575 



555575 


7553 

25"1 

BTB 

3755 


57375 



7584 

5.6 

0.0 

3555 


§255 



7585 

1 .5 

BTB 

55575 

1606.0 

261.6 



7588 

4.S 

515 

35575 

57575 




7587 

9.3 

BTB 

T7575 

1634.6 

624.0 


■iifci&fli 

1988 

2.5 

0.0 

7755 


7555 



1585 

3.1 

5TB 

400.0 


1001.0 



7555 

0.5 

515 

3575 


57575 



7551 


BTB 

5575 




4046.0 j 

1992 


0.0 

20.0 


880.0 



Avar age 


1.5 

5551 





% 

0.42 

0.06 

17753 



87.99 



* - Turkish catches in the eastern part of the Black Sea 

* * - Turkish catches in the western part of the Black Sea 
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GOLDEN MULLET, USA AURATA RISSO 

The golden mullet is the most abundant mullet species, which catches highly predominate 
over that of the other two species. According to YugNIRO data, the golden mullet catches represent 
around 98% of the total mullets catches of the former USSR. According to Alexandrova (1973) the 
percentage proportion among the three species in the Bulgarian catches from the near shore lakes 
and the Black Sea are as follows (Tables 89 and 90). This author also states that the differences 
(in percentage) in the ratio between these three species are due to the different salinity levels in the 
basin. The grey mullet sustains better a lower salinity in the near shore lakes, while the golden 
mullet prefers higher saline waters, so it rarely enters the lakes except for young individuals. 

The golden mullet spawns in the Black Sea in June-August. Its fecundity varies from 
800 000 to 3 million eggs. The males mature at 2-3 years of age and at lengths of 28-30 cm. The 
eggs and larvae develop in the surface waters until the young of the year golden mullet reach 
5-6 cm by the end of October. The latter migrate towards the shore where they winter in suitable 
bays. 


TABLE 89. Percentage composition of the three species in the Bulgarian catches from 
the near shore lakes (Alexandrova, 1973) 


Year 

M. cephalus 

L. saliens 

L. aurata 

1956 1957 

£737 

5TZ5 

0.0 

1957,1958 

100.00 

0.0 

0.0 

1958/1959 

100.00 

0.0 

0.0 

1959/1960 

97.32 

2.68 

0.0 

1960/1961 

100.00 

0.0 

0.0 

1961/1962 

100.00 

0.0 

0.0 

1962/1963 

83.33 

16.67 

0.0 

1963/1964 

45.11 

54.89 

0.0 

1964/1965 

100.00 

0.0 

0.0 

1965/1966 

96.15 

3.85 

0.0 

1966/1967 

97.94 

2.06 

0.0 

1967/1968 

79.20 

20.80 

0.0 

1968/1969 

100.00 

0.0 

0.0 

1969/1970 

100.00 

0.0 

0.0 

Average 

90.47 

9.53 

0.0 
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TABLE 90. Percentage composition between the three species in the catches from 
the sea along the Bulgarian coast (Alexandrova, 1973) 


Year 

M. cephalus 

L. saliens 

L. aurata 


8.76 

9.37 

81.87 

1 m 

3.93 

34.40 

61.67 

| 11 

4.49 

10.15 

85.36 

■ SI 

6.09 

9.07 

84.84 


7.63 

44.03 

48.34 

Average 

67T§ 

2TT45 

7 TaI 


Mullets are extremely sensitive to temperature changes of the sea, especially in the north- 
western part of the basin where their mortality can reach 90%, After the wintering period, they 
enter the near shore firths where they feed till the end of October. When the temperature suddenly 
drops in the month mentioned they usually cannot leave these areas and mass mortality occurs. 

The young individuals forage on zooplankton, and adults on detritus and larvae of mussels. 
The maximum age of the golden mullet is 10-1 1 years. The growth rates in length and weight were 
established using von Bertalanffy's equations. For this purpose YugNIRO and Alexandrova's data 
(1964) for the mean length and weight by age were used. The parameters in the mentioned 


equations are as follows: 



YugNIRO data 

YugNIRO data 

Alexandrova 

(1964) 

Loo = 70.2 

Woo = 2235.4 

Loo = 54.98 

k =0.0801 

k = 0.1004 

k = 0.3005 

L, = -1.0199 

t„ = -0.8627 
n = 2.9069 
a = 0.0144 

t 0 = - 0.0316 


On the basis of the values obtained for k, n and t„ having in mind the age at sexual maturity, 
the mean value of the natural mortality coefficient (M) was determined by means of Kutty and 
Quasim's (1973) and Rikhter and Efanov's (1976) equations (Figure 29). It can be seen from this 
figure that according to Kutty and Quasim's method the mean M is 0.45 (to “ 4.1 1 years; t, * 4 
years). This equation offered by Kutty and Quasim (1965) includes the growth parameters of von 
Bertalanffy equations (n, k, t„) 

t,. = In In.k + M) - InM + t 0 
k 

Hence, if the value of t c (from Beverton, Holt equation, 1 957) we can calculate the mean value of 
M. Theoretically, t c must be bigger than t f . So, if we know the value of t, we can assume that the 
value of t t is somewhat higher than t,. Following Rikhter and Efanov's method, M is 0.40-0.41 . On 
this account the value M = 0.425 is used later on. 

In Table 91 the catch age composition of the golden mullet during the period 1967-1990 is 
presented. The age composition was estimated on the basis of the YugNIRO data for the 
Crimean-Caucasian stock. 
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FIGURE 29. Estimating the value of the golden mullet's natural mortality coefficient 
according to Kutty and Quasim’s method 
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TABLE 91 . Age composition in numbers (x 1 0' 3 ) of golden mullet in the former USSR catches 
during 1967-1992 




(TO 

1968 

0.0 

1969 

0.0 

1970 

0.1 

1971 

0.0 

1972 

51.6 

1973 

239.9 

1974 

5.2 

1975 

423.7 

1976 

58 

1977 

1.0 

1978 

0.0 

1979 

146.7 

1980 

26.7 

1981 

43.9 

1982 

40.1 

1983 

49.5 

1984 

49.0 

1985 

63.6 

1986 

17.3 

1987 

18.6 

1988 

32.4 

1989 

120.8 

1990 

11.4 

1991 

34.1 

1992 

33.9 



1041.1 

1285.1 
2102.9 
357.6 

2241.0 

158.0 
773.3 
309.8 
25.2 

86.5 

84.6 





1112.5 

139.1 

434.8 

144.6 

232.0 

152.2 

62.9 

53.8 

216.9 

58.7 

132.9 

51.9 

277.0 

187.8 

782.6 

118.3 

337.5 

188.9 

517.4 

146.5 

202.4 

52.3 

365.6 

70.2 

319.0 

75.1 

526.0 

123.7 

479.9 

112.9 

592.3 

139.4 

1030.0 

55.2 

699.4 

349.7 

949.9 

138.2 

331.5 

133.2 

240.0 

66.7 

54.7 

8.7 

45.4 

15.8 

25.9 

6.3 

37.9 

5.3 


6 

-znr 

75.6 

41.5 

219.1 

56.5 

40.9 
42.2 

134.9 

40.1 

50.5 
122.3 

14.9 

22.7 

8.5 

14.0 

12.8 

15.8 

6.1 

10.6 

34.5 
12.4 

21.0 
1.3 
0.0 
0.7 
0.8 
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Table 91 - continued 


Years 

7 

03 

s 

re 

n 

C » 

T5B7 


013 

STS 

ST 

ST 

r KteSl 

1968 

9.8 

0.0 

0.0 

0.0 

0.0 

2439.8 

1969 

9.6 

1.1 

0.0 

0.0 

0.0 

1120.7 

1970 

55.8 

12.5 

2.3 

1.4 

0.0 

922.6 

1971 

60.2 

17.1 

4.8 

6.4 

4.0 

532.9 

1972 

35.0 

21.3 

7.5 

0.6 

1.2 

1185.2 

1973 

25.9 

19.5 

4.9 

3.2 

2.0 

3242.5 

1974 

64.3 

120.4 

40.5 

13.5 

2.0 

2075.1 

1975 

42.0 

3.8 

1.9 

1.9 

0.0 

3817.5 

1976 

11.5 

4.3 

1.4 

1.1 

2.5 

2884.7 

1977 

17.2 

3.0 

1.0 

1.0 

2.0 

2020.9 

1978 

7.7 

0.6 

0.0 

0.0 

0.0 

1100.0 

1979 

8.3 

4.1 

2.1 

2.1 

0.0 

4131.6 

1980 

2.8 

1.0 

0.8 

0.4 

0.0 

1975.2 

1981 

4.5 

1.6 

1.3 

0.6 

0.0 

3256.7 

1982 

4.2 

1.4 

1.2 

0.6 

0.0 

2971.2 

1983 

5.1 

1.8 

1.5 

0.7 

0.0 

3667.5 

1984 

6.1 

0.0 

0.0 

0,0 

0.0 

6130.8 

1985 

2.6 

2.6 

2.6 

2.6 

0.0 

2649.1 

1986 

4.3 

4.3 

4.3 

0.0 


4317.9 

1987 

1.5 

1.5 

1.5 

0.0 


1549.0 

1988 

15.2 

5.7 

1.9 

1.9 


1904.6 

1989 

1.3 

0.7 

0.0 

0.0 


667.7 

1990 

0.0 

0.0 

0.0 

0.0 

0.0 

315.3 

1991 

0.1 


0.0 

0.0 

0.0 

253.8 

1992 

0.1 

D 

0.0 

0.0 

0.0 

249.4 
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The VPA results with ad hoc tuning of the F ST values for the oldest age groups are presented 
in Figure 30. It is seen that the total golden mullet biomass (B1 +) from the Crimean-Caucasian 
stock during the period 1967-1992 has varied between 54.5 (1991) and 1 354.5 tonnes (1967) and 
the spawning biomass - between 9.2 (1991) and 356.5 tonnes (1967). The variations in these 
biomasses are determined by the year class strength, that varied from 0.658 x 10 s (1990) to 
14.193 x 10 6 (1982) specimens. The year classes of 1981 (13.517 x 10 s ), 1972 (12.496 x 10 s ) 
and 1978 (10.076 x 10 s ) were also strong, and these of 1991 (0.717 x 10 s ), 1989 (0,741 x 10 s ), 
1988 (1 .368 x 10 s ) and 1992 (1 .902 x 10 s ) were weak. The fluctuations in the total and spawning 
biomass are determined not only by the strength of the different year classes, but also by the 
fishing mortality rate that is highest during 1988, 1989 and 1974. As a result, the golden mullet 
biomass has sharply declined. At present, the recommendation of YugNIRO colleagues is that this 
species not to be fished for a few years. According to their estimates by cohort analysis (1993 
annual report of YugNIRO) the golden mullet abundance during the period 1 989- 1 993 has been the 
following: 


Abundance 
(x 10 s ) 

mm 

1990 

1991 

1992 

1993 

Average 

N1 + 


1.4618 





N4 + 







* 

| 2.0265 

1.4395 





• » 


-vm 






* and ** - our estimates for N1 + and N4 + 

It can be seen from the last table that according to our estimates the total stock abundance 
(N1 +) is higher by 70% on average than that estimated by YugNIRO colleagues, while that of the 
spawning stock is lower, by an average of 2.8 fold (0.2485 x 10 s and 0.0889 x 10 s ). These 
differences are due to the different estimates of fishing mortality of 1-3 year old fish. The golden 
mullet catch of the former USSR in the near shore lakes is based on the biological peculiarities of 
age 0+ (1) year old fish that enter the lakes in the next spring and leave them by the end of 
October, i.e. at age 1 +, then being subjected to commercial fishery. Based on this assumption F 
values varied between 0.0215 and 0.2213, averaging 0.0650. 

For ages 2 and 3, the mean F values are 0.2393 and 0.8028 respectively. The latter figure 
is rather high, but one must bear in mind that until sexual maturity is reached, a large proportion 
of these age groups enter the Sea of Azov for feeding (May-September) and leave it usually early 
in October. In the course of these migrations through the Kertch Strait the species is fished very 
successfully, even at low biomass levels. That is why the temporary suspension of the fishery 
would promote the more rapid recovery of its stock. Taking into consideration the catches of T urkey 
and the remaining Black Sea countries, one may suppose that, at present, the total species biomass 
in the Black Sea does not exceed 10 000 tonnes. 

One of the major reasons for the stock decline of all mullets including the golden mullet, are 
the deteriorated conditions of life both in the near shore lakes and in the Black Sea. 

According to Alexandrova (1973), the mullets inhabiting the Bulgarian coast are related to the 
western stock that feeds in the bays, river mouths and lakes on the whole western Black Sea coast. 
After analysing environmental conditions in the Bulgarian lakes, this author pointed out that 1/3 of 
their total area was already unusable. Subsequently these unsuitable areas increased, resulting in 
a sharp decline of Bulgarian catches. Following Alexandrova's data (1973) the average mullet catch 
of Bulgaria during the period 1950-1970 was 192 tonnes: 146 tonnes caught in the lakes (76%) 
and 46 tonnes (24%) in the Black Sea. 

The situation of the near shore lakes in the remaining Black Sea countries is rather similar. 
This and the deteriorating life conditions in the Black Sea are the major reasons for the present state 
of mullet stocks. 
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FIGURE 30. Exploited and spawning biomasses (in tonnes) of golden mullet from the 
Crimean-Caucasian stock during the period 1967-1993 
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GREY MULLET, MUGIL CEPHALUS LINNAEUS 

The grey mullet is the most warm-tolerant species and best adapted to lower salinity in the 
near shore lakes, in comparison to the other mullets. It can also live for a long time in fresh waters. 

The grey mullet spawns from the end of May to the middle of August. Its fecundity ranges 
from 2 to 1 6 million eggs. The young mullets enter the embayments and river mouths where they 
may remain up to attainment of sexual maturity . The adults feed primarily in the Sea of Azov, but 
large numbers occur also in the near shore lakes of the remaining countries. In Turkey, mullet 
catches in lakes represent around 45-65% of the total mullet catches. In Bulgaria the catch of this 
species in the Black Sea and lakes represents 42.2% of the total mullet catches. 

The rate of growth in length and weight of the grey mullet from the Crimean-Caucasian stock 
was explored using von Bertalanffy’s equations. The parameter values found are as follows: 


1-00 

= 69.5 

w 

TV 00 

= 3539.4 

k 

= 0.0881 

k 

= 0.0985 

t. 

= -0.9218 

to 

= -0.8153 



n 

= 2.9415 



a 

= 0.0163 


The growth rate of the grey mullet from the Crimean-Caucasian stock, as well as that of the 
golden mullet, differ significantly from that of the corresponding species from the western stock. 
According to Alexandrova (1967) the 1+ year old grey mullet attains an average length of 
33.47 cm and weights of 388.0 g, and the golden mullet - 1 7.56 cm and 50 g respectively in the 
Bulgarian near shore lakes. From Ukrainian data, the grey mullet attains an equivalent length and 
weight at 6-7 and 5-6 years of age respectively. These differences in relation to the golden mullet 
are quite smaller. The main reason for the differences may be ageing interpretations that lead to 
different results on population parameters such as age of sexual maturity, natural mortality rate, etc. 


According to YugNIRO data, the grey mullet is not found in great quantities off the coast of 
the former USSR and is not subject to a specialised fishery. As was pointed out for the near shore 
lakes of Turkey the grey mullet makes up more than 50% of the total mullet catches. Bearing this 
in mind we may suppose that at present the grey mullet biomass in the Black Sea does not exceed 
5 000-10 000 tonnes. 
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LEAPING GREY MULLET, USA SALIENS RISSO 

As for the golden mullet, the leaping grey mullet prefers waters with higher salinity, hence 
it rarely enters near shore lakes. Out of the 3 species considered, the leaping grey mullet is most 
resistant to lowering of the sea water temperature. The biological characteristics of the mullets 
hibernating off the Bulgarian coast are investigated in detail by Alexandrova (1964, 1967, 1973). 
She showed that the percentage composition of mullet species during their wintering in Varna bay, 
Varna and Gebedie lakes was determined mainly by the water salinity. In sea waters (Varna bay) 
the leaping grey mullet predominate (98.5%) in wintering concentrations of mullets. In the channel 
connecting the Sea with the Varna lake, where the salinity is still high, the same species 
represented 75.9%, while in Varna and Gebedje lakes the proportion of the leaping grey mullet 
decreased to 37 and 21.4% respectively. The grey mullet was infrequent in the Varna bay (1.5%) 
while it predominated in the Gebedje lake. 

The leaping grey mullet spawns both in the Black Sea and Sea of Azov from the end of May 
to the middle of August. Its fecundity varies between 1 and 2 million eggs. It attains sexual maturity 
early - the males at age 2 (2+ year old) and length 21-23 cm, and the females at age 3 (3+ year 
old) and length 26 cm. According to Alexandrova (1967) 2+ year old fish have a mean length and 
weight of 31 .2 cm and 277 g respectively. These figures show again that fishery biologists from 
different Black Sea countries do not always read mullet ages in the same manner. 

The leaping grey mullet abundance is not high and specialized fishery is not conducted. In 
Ukraine it is fished together with the other two species during the migrations to the Sea of Azov, 
on the way back, and partially on the wintering grounds -from Sevastopol to Gilendjik. According 
to Alexandrova's data (1973) leaping grey mullet catches both in the Black Sea and the near shore 
lakes, average to 12.5% of mullet catches. Based on this account, its stock in the Black Sea 
probably does not exceed 5 000 tonnes, i.e. the total mullet biomass (all species) presumably is 
around 20 000-25 000 tonnes. 
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STING RAY, DASYATIS PASTINACA LINNAEUS 


The sting-ray is a demersal fish species. It is oviparous and 3 to 30 eggs develop 
simultaneously in the uterus. Being a predator, its principal food competitors are spiny dogfish, 
turbot, whiting and thornback-ray. 

A specialised sting ray fishery is not carried out. It appears as by-catch in the passive gears: 
trapnets, beach seines, etc. 

Table 92 shows the historical catch per unit effort. 


TABLE 92. Sting-ray catches per unit effort (1 000 hooks) during 
1983-1989 (YugNIRO data) 


Years 

North-eastern 
part of Black Sea 


Caucasian 

region 

1983 

0.1 54 

0.066 


1984 

0.124 

0.066 


1985 

0TTJ7 

0.054 


1986 

5T55 

515BO 


1987 

5^65 

51535 

<5T55i 

1988 

0.102 

0.070 


1989 

0.092 

0.077 



The sting-ray biomass on the shelf of the northern part of the Black Sea was estimated at 
10 000 tonnes (1990). The annual catch on the Ukrainian shelf could reach 1 500-2 000 tonnes, 
although it has not exceeded 500 tonnes till now (YugNIRO data). 
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THORNBACK-RAY, RAJA CLAVATA LINNAEUS 

The thornback-ray is a demersal predator, feeding on anchovy, horse mackerel, whiting and 
sprat. Crustaceans are also a major component of its diet although it occasionally also feeds on 
worms. It is a food competitor with spiny dogfish, turbot, sturgeons, gobies and sting rays. 

Commercially the thornback ray is of secondary importance. It makes up to some extent the 
Turkish fishery and also appears as a by-catch in the fishery of Ukraine and Russia (Table 93). 


TABLE 93. Ray and skate catches in the Black Sea during 1967-1992 (in tonnes) 


Year 

former 

USSR 

Turkey 

Total 

Year 

former 

USSR 

Turkey 


mm 


mam 


■Miff 

■itOXf 



■ Pl-ff 

- 

man 


■PI:f 

man 



min 


mm 


min 

man 



■EMf 

- 



■PTff 




1971 

- 

2149.4 


min 

1200.0 


2104.0 

mm 

- 

mm 


min 

man 



mg 

■ 

■*!»*■ 


min 




■PHI 

- 



min 


880.0 


■m-f 


51.7 


■MTf 

■Hl'If 

974.0 

1374.0 

uwm 

■KCI'Xf 

■iff 


min 


■ f«IM 


1977 

■t»I<I<Xf 

256.4 

1256.4 


400.0 

633.0 

1033.0 

■ PWf 




min 

300.0 

778.0 

1078.0 

1979 

1100.0 

3390.0 

4490.0 

1992 

100.0 

1155.0 

1255.0 


It is seen from the above Table that the mean Turkish cstch (1 239.6 tonnes) represent 
59.24% of the mean total catch (2 092.5 tonnes). That of the former USSR is 852.9 tonnes - 
(40.76%). 

It is fished by passive coastal gears as a sizeable by-catch in April-May and in August- 
September along the south-western Crimean coast, in the north-eastern part of the Black Sea and 
off the north Caucasian coast. 

Early in 1990, the thornback-ray biomass was estimated at 6 000 tonnes. The assessed 
optimum catch of 1 000 tonnes has been approached for the Ukrainian fishery. 
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STRIPED MULLET. MULLUS BARBATUS PONTICUS ESSIPOV 

The striped (red) mullet Is a widespread fish species on the Black Sea shelf. It is a warm-water 
and commercially valuable fish species for the inshore fishery. Two types of striped mullet exist: 
"sedentary” and "migratory”. The former inhabits primarily the south-eastern part of the Black Sea 
(Batumi), making only local migrations. The second type undertakes migrations in spring to the 
Kertch Strait, with a considerable portion of its stock entering the Sea of Azov. In autumn it returns 
to its wintering grounds along the Crimean and northern Caucasian coast. 

The major part of the catch is based on the migratory north Caucasian stock fished in the area 
from the Kertch Strait to Adler and in the Sea of Azov. Two peaks in the catches, in June-July and 
in October-November are recorded. 

During the 1940s and 1950s the migratory striped mullet abundance was high, yielding 
significant annual catches of 1 600-1 700 tonnes. From the late 1960s till now, a sharp decline 
in the species' biomass occurred along the former USSR coasts, and the catches dropped to 40-690 
tonnes (the former USSR catches) (Table 94). During the period 1925-1962 Bulgarian catches 
ranged from 0.0 to 64.0 tonnes (Konstantinov, 1964; Ivanov, 1964). 

The strong anthropogenic impact and the outburst of the ctenophore Mnemiopsis must in 
part be the cause of weak 1988-1991 year classes. In the past few years the combined biomass 
of the two types on the former USSR shelf was estimated at 1 000 tonnes. 


TABLE 94. Striped mullet catches in the Black Sea during the period 1967-1992 (in tonnes) 


Years 

former 

USSR 

Turkey 

Year 

former 

USSR 

Turkey 

1967 

100.0 

1625.6 

1981 

440.0 

2047.0 

1968 

100.0 

1148.2 

1982 

400.0 

2436.0 

1969 

200.0 

1547.9 

1983 

260.0 

1915.0 

1975 

100.0 

2203.1 

1984 

690.0 

1812.0 

T97t 

100.0 

342.1 

1985 

Too75 

3381.0 

1975 

100.0 

1037.0 

1986 

420.0 

3667.0 

1573 

* 

1161.1 

1557 

290.0 

3528.0 

1575 

15575 

675.2 

1558 

15575 

3601.0 

T975 

200.0 

75577 

T555 

460.0 

5641 .0 

1976 

60.0 

6TTT5 

1990 

240.0 

2344.0 

1577 

5575 

55574 

1551 

5515 

27l2.0 

1575 

150.0 

1 576.5 

T555 

5575 

2214.0 

1575 

5T575 

650.3 

Average 

15573 

1973.2 

1955 

160.0 

1803.0 

9E 

9.17 

36.63 
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IV. ENVIRONMENTAL IMPACT ON THE FISH RESOURCES IN THE BLACK SEA 

Over 40 abiotic and biotic parameters were analysed in an attempt to establish the factors 
determining stock fluctuations of commercially valuable fish. The most important of the biotic 
factors are predator-prey interrelationships and trophic competitions between the fish species. 
Among the abiotic ones are environmental alterations induced by natural and anthropogenic causes. 
The fishing mortality has a direct influence on the most intensively exploited fish stocks, this being 
the grounds for the extensive and thorough research and discussions of this factor in population 
dynamics theory. As a result a great number of models and criteria have been founded for assessing 
the optimum exploitation level - MSY (maximum sustainable yield), TAC (total allowable catch), 
"acceptable catch" (DINUMERSI. maximum entropy method, harmonic weight method, etc. 
Notwithstanding, the abundance of certain fish species has frequently diminished disastrously, 
owing to the complex character of the environmental impact. That is why a number of models, such 
as PROBUB, DINUMERS (Taivisto and Levastu, 1989), ECOPATH II (Christensen and Pauly, 1992), 
etc. have been developed, which consider an ecosystem as a whole, making attempt to ascertain 
the so called "acceptable catch" for all living organisms subjected to commercial exploitation. For 
this purpose, for instance using the DINUMERS model, in some cases it has been necessary to find 
a single solution to more than 200 differential equations that would meet the terms of steady 
equilibrium of the ecosystem at certain exploitation patterns of the commercially important species. 
This is extremely hard to do since the interrelations between the species in an ecosystem depend 
to a great extent on environmental factors. These are incessantly changing under the influence of 
natural and anthropogenic causes. Some scientists therefore think that the term "maximum 
sustainable yield" is devoid of real sense. Nevertheless, in this respect, an attempt has been made 
to clarify the principle causes that have brought the fish resources to the present state in the Black 
Sea. 


In Figure 31 the fluctuations in the spawning biomass of anchovy and sprat (B1 +1 are 
shown as well as those of horse mackerel and whiting IB1 +). In the same Figure the biomasses of 
their most abundant predators spiny dogfish (B4 + ) and turbot (B2 + ) are also presented 



FIGURE 31. Biomasses of spiny dogfish, turbot, anchovy, sprat, horse mackerel and 
whiting during 1972-1992 
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The whiting biomass is assessed separately for the eastern and western parts of the basin 
since the weights by age in the eastern part need specifying (in our opinion these are excessively 
high for ages over 3 years). For this reason the species biomass in this part of the Black Sea is 
presumably overestimated. The sprat biomasses assessed relate to the western part of the basin, 
i.e. they are sizeably greater in the entire basin but since almost no sprat fishery occurs in the 
eastern part the assessment of sprat biomass by VPA in this region is not possible. 

Figure 32 shows the year class abundance of the last four species, the anchovy and sprat 
being prey to the rest, the horse mackerel and whiting however being predators on the former, but 
also prey to dogfish and turbot. 
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FIGURE 32. Year class abundance in numbers (x10 s ) of anchovy, sprat, horse mackerel 
and whiting during 1972-1992 


It is seen from the above Figure that in the early 1970s the sums of the mentioned 
biomasses of the 4 species were around 1 200-1 300 thousand tonnes, but at the end (1978-1 980) 
they were 2 039-2 193 thousand tonnes; i.e. they had increased on average by 69.3%. In the 
beginning of this period their combined catch ranged from 1 89.8 to 1 97.0 thousand tonnes: U = 
Y/B = 0.1497 - 0.1534. By the end of the 1970s, together with the combined biomass rise, 
increase in catches also occurred. During these years, catches reached 483.4 and 575.1 thousand 
tonnes, respectively - U = 0.2204-0.2725. After 1980, their combined biomass began to decline, 
with only insignificant increases in 1984 and 1985. However, the catches continued to rise, 
reaching their maximum in 1986 and 1987: 622.5 (U = 0.3522) and 666.0 (U = 0.4126) 

thousand tonnes respectively. Given mean values of the natural mortality coefficient of the order 
of 0.45 (horse mackerel) - 0.95 (sprat) this means that the fishing mortality coefficient has varied 
between 0.65 and 0.80 on average for the 4 species. In 1988 F approached its maximum value 
with a mean of 0.87 (U = 0.4343). Negative changes in the ecosystem have simultaneously 
occurred • frequent phytoplankton blooms causing in some cases mass mortality of bottom and near 
bottom fish, pollution has increased in the basin, with various chemical compounds - heavy metals, 
chlor-organic compounds, pesticides, etc. The organic surplus and the heavy fishery, coupled with 
specific population parameters of the ctenophore, Mnemiopsis leidyi, led to its outburst, and 
resulted in a sharp decline of the small zooplankton (Copepoda) biomass, especially in summer, 
which acts still more negatively on the fish population. 
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As is seen from Figure 32, the combined abundance of offspring decreased steadily in 1 988 
to 130.4 x 10 9 specimens. During the next few years (1989-1992) these varied between 
100.8 x 10 9 (1989) and 140.2 x 10 9 number of specimens. On this account the combined biomass 
of the 4 species remained low - between 625.3 (1991) and 774.3 thousand tonnes (1992). 

The fishing mortality impact on the combined biomass of these 4 species has been explored 
by means of the following functions: 

(20) B = a*U*exp [-(b*U)l 

(21) B = a'U’exp |-(b*U + cB-,)] 

where: B is the combined biomass ; U is exploitation rate (U = Y/B ; Y is combined catch); Bj is 
Mnemiopsis biomass in July-August 

In Table 95, the parameters of the mentioned equations are presented. 

TABLE 95. Parameters of production models for anchovy, sprat, horse mackerel and 
whiting 


Parameters 

Equation 

Equation 

a 

26081.642 

19340.134 

b 

5.2003417 

3.7816159 

c 


0.0264923 


0.1923 

0.2644* 

B,„, 

1845.1 

1881.2* 

r 

0.5940 

0.8449 

D% 

35.29 

71.39 

S% 

64.71 

28.61 


* the values of U 0PI and B„, 0 , are computed at B-| =0 


In the end of the 1970s and early 1980s, the largest biomass was of the jellyfish Aurelia 
aurita. According to Grishin, Covalenko and Sorokolit (in press - personal communication) at that 
time the Mnemiopsis outburst was recorded, it had dropped around 15-20 fold. During this period 
this jellyfish had consumed about 60% of the production of nutritious zooplankton, while the 
anchovy, sprat and horse mackerel hardly used 6-7% (Shulman and Urdenko, 1 989). Consequently 
up to the 1980s, the Black Sea trophic base has been under jellyfish control, primarily by Aurelia 
aurita. During this period, the eutrophication of the basin still has had positive effects on the pelagic 
fish populations. At present, the ctenophore Mnemiopsis leidyi being most abundant has the 
decisive importance for the ecosystem while the biomass of the native jellyfish has been greatly 
reduced. Most fish populations also decreased in biomass; heavy fishing being the other major 
factor. Fish are more active predators on zooplankton and with reduced fishing effort, they could 
overcome the unfavourable trophic conditions. According to equation (21 ), the optimum mean value 
of F for the mentioned species is around 0.45 (U ow = 0.2644) provided the ctenophore biomass 
is equal to 0. However, as was already pointed out, before Mnemiopsis leidyi entered the basin, the 
dominant species were the jellyfish and the native ctenophore Pleurobrachia pilleus. After 1 990, the 
coefficient of exploitation was considerably lowered which was the major reason for the observed 
trend toward increase of the anchovy, sprat and whiting stocks. The fishing mortality impact is still 
better expressed in the case of the Azov anchovy. Its biomass has recovered after temporary 
cessation of the fishery, although the Mnemiopsis biomass in the Sea of Azov continues to be rather 
high. 


The remaining abiotic and biotic factors also exert substantial influence on the fish 
population abundance. In Table 96 is presented a correlation matrix that reflects the impact of 42 
environmental parameters. It is seen that there is a clear trend towards a decline in the quantity of 
silicon, both in the eastern (r = -0.930) and western parts of the Black Sea (r = -0.862). As it is 
well-known the silicon is one of the basic elements in the cell structure formation of diatoms 
(Bacillariophyta). This established relationship is very important, since so far, the decline in the 
biomass of these algae has been related only to variations in solar activity (Petrova-Karadjova and 
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Apostolov, 19881, The next in reliability is the trend towards a decrease of the biomass of the 
jellyfish Aurelia aurita. especially in the eastern part of the basin (r = -0.882). The trend to the 
aggravation of the oxygen regime in the Black Sea is well expressed too. The self-purifying 
capability of the basin, especially in its western part, has declined with time (r = -0.659). The 
correlation coefficients between the latter, on the one hand, and the oxygen concentration and the 
phytoplankton biomass on the other, are 0.675 and -0.540 respectively. The interrelationship 
between the oxygen concentration in the near bottom layers and the phytoplankton biomass is also 
negative. 

The zooplankton biomass in the western part of the Black Sea also shows a tendency to 
decline, particularly in summer (r = -0.729). As regards fish, the trend towards a decline of the 
turbot exploited biomass is well expressed (r = -0.668). 

On the basis of these interrelationships between the biotic and abiotic environmental 
parameters, a multi-factorial correlation analysis was performed to establish the most significant 
factors determining fish species abundance. For this purpose, linear, parabolic and exponential 
functions were applied. 

According to the parameter values in the linear equations used, the abundance of anchovy 
offspring is positive related to the total phosphorus concentration, the amount of river inflow and 
the phytoplankton biomass in the eastern part of the Black Sea, and negatively related to the sea 
water temperature (according to data for the temperature in the Odessa bay), to the phytoplankton 
biomass in the western part of the basin, and to the zooplankton biomass in the whole Black Sea 
(Table 97). The last one is due to the fact that the zooplankton biomass is defined residual, i.e. its 
concentration (mg/I) depends on the abundance of its predators, including that of the anchovy, the 
latter being typical zooplanktivores. The reliability of the established relationship is extremely high: 
99.9%. 


The effect of the most abundant fish species on the strength of the anchovy year classes 
is shown in Table 98. It is seen that the abundance of the year classes is directly proportional to 
the anchovy spawning biomass IB1 +), to the strength of the year classes of horse 
mackerel, sprat and whiting in the western part of the basin, to the biomasses of horse mackerel 
(B1 +), sprat (B1 +), turbot (B2 + ) and of whiting (B1+) in the western part, and inversely 
proportional to the spiny dogfish biomass (B4 + ), and to the year class strength and biomass of 
whiting in the eastern part of the basin. In this case the correlation coefficient approaches 0.9594, 
which shows that the equation fits precisely VPA data for the stock size of the mentioned fish 
species. 

The equations derived show that when including each new member, reflecting the influence 
of the relevant factor, the values of the parameters at the independent variables change constantly, 
inclusive from positive to negative in spiny dogfish and whiting from the eastern part of the basin. 
Both species are predators of the anchovy, especially in winter during the wintering of the latter off 
the Anatolian coast of Turkey and also off the Caucasian coast. 
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Table 96 • continued 
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TABLE 97. Multiple regression analyses of Anchovy recruitment (indep. variable) and 
environmental data 


147 
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TABLE 98. Parameter values in the multiple correlation, reflectingthe relationships between 
anchovy recruitment and the stocks of the most abundant fishes in the Black Sea 


Para- 

meters 

m 

R = 
f(B,B1 1 

R = 

f(B,B1 , B2I 

R = 

f(B,...R2) 

R = 

f(B,...B3) 

R = 

f(B,...B4) 

a 






msiLum 

b 


BALliB 

— iULLT-l 


0.2263 

0.2766 

c 







d 



0.0096 

-0.0006 

HIIC 


e 














g 







r 




miLUl 


0.8947 

EmS 







s% 

43.57 


34.28 



■LLm i 


Table 98 - continued 


Para- 

■IBH 

R = 

R = 

B - 

B = 

meters 


((B....R5) 

f (B. R3) 

f(B,...R4| 

f (B, — B6) 

a 






b 

0.2712 

0.2400 




c 

-0.3070 

0.1182 


-0.5977 

-0.0602 || 

d 

0.1623 



0.1638 

0.1612 

e 

0.6941 



■Ht Ik'M 


? 

0.1782 

0.1557 




g 

0.0031 

0.0296 

0.1683 

0.7148 


h 

0.0913 

0.0997 

0.1404 



i 


0.1344 

0.0975 

0.0091 

0.1768 

1 



-1.0702 

-2.2406 

-29920 || 

KH 





2.6217 

■■m 






r 


0^546 




D% 

85.01 

85.49 

86.51 

85^5 

92^04 || 

S8S 

14.99 

14.51 

T3T45 

TO^l 

796 


R and B are the abundance of recruitment (x 1 0 ®) and spawning biomass odf anchovy (in 
tonnes x 1 0 3 ) respectively; B, spiny dogfish biomass (B4 in tonnes x 1 0' 3 ) ; Bj ■ horse mackerel 
biomass (B1 + in tonnes x 10 3 ); R 2 - horse mackerel recruitment (N x 1 0 *); B 3 - whiting biomass 
in the eastern part of the Black Sea (B1 + in tonnes x 1 0 3 ); B 4 - whiting biomass in the western part 
of the Black Sea (B1 + in tonnes x 10 3 l; B 5 - sprat biomass (B1 + in tonnes x 1 0 3 ); R E - sprat 
recruitment (N x 10 9 ); R 3 - whiting recruitment in the eastern part of the basin (N x 1 0' 9 ) ; R 4 - 
whiting recruitment in western part of the basin (N x 10 9 ); B 6 - turbot biomass (B2 + 
in tonnes x 10 3 ). 
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The stock-recruitment relationship was explored using Ricker and Ivanov's equations. The 
correlation coefficients are 0.8070 and 0.8102 respectively. Hence, the multi-factorial correlation 
analysis describes more precisely the VPA results, since by this analysis the complex influence of 
different biotic and abiotic factors can be established, as well as the influence of the 6 most 
abundant fish species in the Black Sea. The latter are connected with various interrelations -from 
competition for food resources to rapacity of some species in relation to other species. Since the 
equation reflects the interrelationships between the 6 fish species unambiguously it shows that the 
component part of the ecosystem at each state of the environment aspires to a finite state of 
balance. Therefore, when the trophic conditions in the Black Sea deteriorated after the Mnemiopsis 
outburst, the biomass of fish species sharply declined (Figure 31). The impact of the remaining 
factors is less significant, although in particular years they may be the determining factor for 
offspring abundance of a fish species. 

In Table 99 are presented the parameters of the equations reflecting the relationships 
between sprat offspring abundance and some environmental factors. As it is apparent from this 
Table, the values of "r" do not exceed 0.712, which suggests a weak dependence of the offspring 
abundance on the investigated factors, since the influence of random variation does not decrease 
below 49.3%. 

In Table 100 are presented the values of the parameters of the equations reflecting the 
relationships between sprat offspring abundance along the Bulgarian coast and its spawning 
biomass (B1 +), the fishing mortality rate (F), the duration (XI and X3) and the average speed of 
winds with a western component (X2 and X4) during November-December and January-March, the 
intensity of cosmic rays !X5) and solar activity (X6). As it is evident from the table, the coefficient 
V reaches the value 0.869 which means that the influence of random factors is 24.53%. Among 
the examined variables the western wind speed during November-December and January-March 
proves to be of greatest significance, i.e. when the sprat is intensively spawning at depths of 
25-100 m. It is well known that winds with a westerly component impose an upwelling of deep 
waters and displaces them shorewards. As these waters are rich in nutrients during the summer 
months, they could contribute a lot to phytoplankton bloom initiation. Because of their low 
temperature and low oxygen content, they could be responsible for regional zoobenthic mortality 
as well as fish species. As these water masses contain hydrogen sulphide, it may be hypothesised 
that indirectly they could also contribute to the mortality events. In winter, similar upwelling of deep 
waters take place, but unlike in summer their temperature is higher than that at the surface. 
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TABLE 99. Parameter values of equations reflecting the relationships between the 
abundance of sprat fingerlings and some environmental factors 
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R is abundance of sprat fingerlings (N x 1 0 9 ); B - sprat spawning biomass (B1 +); XI - 
phytoplankton biomass; X2 - zooplankton biomass; Z - total mortality rate; X3 - sea water 
temperature; X4 - solar activity; X5 - cosmic ray intensity; X6 - Earth's geomagnetism 


TABLE 100. Parameter values in the equations reflecting the relationships between 
sprat fingerlings along Bulgarian Black Sea coast and the investigated 
environmental factors 
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B is the spawning biomass; F the fishing mortality rate; XI and X3, X2 and X4 are the duration and 
average speed of winds with a western component during November -December and January-March 
respectively; X5 is the intensity of cosmic rays; X6 is the solar activity. 
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As it appears from Table 100, wind velocity has a favourable effect while its duration is 
negative. The integral impact of these variables on the sprat fingerling abundance is considerable - 
the value of "r" is 0.843 (D% = 73.02; S% = 26.98). The further complication of the equation 
by introducing the rest of the variables does not result in a significant increase in the value of V" 
that suggests that the sprat fingerlings do not depend to a great extent on other factors. According 
to Stoyanov 11966) the sprat generations and spawning biomass depend both on the predator 
abundance and on the number of days with water temperature below 6°C during November-March. 
The same author pointed out that the influence of water temperature is indirect via the food web. 
Bryantzev (1990) also showed the great importance of the character of the atmospheric circulation 
during different years for the productivity of the Black Sea. The same author noted that this relation 
is better expressed in anchovy and less so in sprat. 

Table 101 shows the results of multiple correlation analysis including these factors of major 
importance for sprat offspring abundance. It is seen that this is directly proportional only to 
spawning stock size and inversely proportional to the thermal background in the Black Sea, to the 
river inflow in the western part of the basin, to the amount of phosphates, and to the phyto- and 
zooplankton biomass. 

The relationship between the catchability and sprat stock density was investigated by 
equation (9). It was established that this is typical of many gregarious fishes, showing negative 
density dependent catchability (Figure 33). The reason for such a relationship is the gregarious 
behaviour resulting in greater fish availability to the fishery. The value of coefficient "b", is close 
to -1, showing that the CPUE is not proportional to the biomass, but rather to the catch (Ulltang, 
1 980). That means that the CPUE will remain unchangeable when the biomass varies. On the other 
hand, this shows that unchanged fishing effort will give constant catches with reduction of stock 
abundance and will provoke an immediate rise of fishing mortality. This phenomenon was observed 
in most cases of sprat stock reduction (Figure 15). It was most conspicuous during 1954-1957, 
when the effort (number of trapnets) was quasi constant. 
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FIGURE 33. Relationship between catchability and sprat biomass 
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In order to study the evolution of the stock in relation to the exploitation intensity, the 
interrelation between yield/biomass and fishing mortality was explored, assuming stable 
reproduction conditions are met (i.e. conditions of equilibrium). As is seen from Figures 34A and 
34B, two states of equilibrium were differentiated with characteristic differences in the model 
parameters (Table 102), For the first period, all the parameters were considerably lower (except for 
r max) than those for the second period. 
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FIGURE 34a. Plot and trajectory of sprat yield on fishing mortality (FC) 


80000 * 

60000- 
b 40000* 

* 20000 1 

0 ' — - — 

00-^- C3 '^0 rV -.0 CD 'r- 

o O O o o y— 

FC 


FIGURE 34b. Surplus production curves over periods 
1951-1953 and 1974-1990 


TABLE 102. Parameters in the empirical relationships between biomass, yield and 
fishing mortality in two periods of assumed equilibrium 
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As is seen, the values of MSY and for the two periods differed significantly. In many 
cases, the optimum values of F were surpassed during both periods. Concerning the first period, 
this occurred during 1953-1958, 1964-1965, 1968 and 1972, and in the second period, during 
1980, 1981, 1987 and 1989. After the high yield in 1981, the trajectory changed direction from 
ascending to descending (Figure 34A), resulting in a gradual decline of yield and exploitation level. 
After 1 983, the ascending course of the trajectory changed again showing the recovery of the sprat 
stock. This continued till 1989 when the stock came out of equilibrium and the coordinates for 
1991 and 1993 became close to those for 1951-1953. 

The analysis of the stock-recruitment relationship showed a weak positive correlation (linear 
r = 0.533, non-linear r = 0.60) (Figure 35). The value of the parameter "c" is 0.88, i.e. very close 
to 1 .0. This parameter determining the type of curve shows that it is near to the Beverton and Holt 
curve, but with less expressed protuberance (usually an ascendant straight line is obtained when 
c = 0.5). This curve type more frequently occurs in pelagic fish with a short life span than that with 
the exponential (Ricker, 1954) or parabolic (Ivanov, 1977) that involves stronger negative stock- 
dependent recruitment (enhanced offspring mortality as a result of cannibalism or interspecies 
competition). 

The low value of V confirms the conclusion that sprat offspring abundance depends on 
environmental conditions to a greater extent than on the parent stock size. 
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FIGURE 35. Sprat stock-recruitment relationship 

The impact of fishing mortality rate on the whiting fingerling abundance is established by the 
followed equations: 

(22) R = a*B - b*B 2 - c*B*F 

(231 R = a*B - b*B 2 - c*B*F - d*B 2 *F 

The parameter values of these equations are presented in Table 103. It is evident from 
the data that the fishing mortality rate exerts a significant impact on stock-recruitment relationships. 
The influence of random factors decreased from 68.09% (according to Ivanov's equation) to 
36.6%. 
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TABLE 103. The parameter values in equations 22 and 23, reflecting the influence of 
fishing mortality rate on the stock-recruitment relationships of whiting 
in the western part of the Black Sea 
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In Table 1 04 results of the multiple correlation analysis are shown, reflecting the relationship 
between whiting offspring abundance in the Black Sea and environmental factors. It is apparent that 
offspring abundance is directly proportional to the level of river inflow, and inversely proportional 
to phosphate concentration, zooplankton biomass and spawning biomass. The latter probably is due 
to the fact that whiting cannibalism occurs. 

It is clear from the above that the abundance of the different year classes of the fish species 
in consideration depends on many and different abiotic and biotic factors. Determinant for the fish 
part of the ecosystem are the fishing mortality rate and the changes in food webs, as to the mass 
development of Mnemiopsis leidyi and the more frequent phytoplankton blooms provoked by the 
eutrophication of the basin. 

In anchovy, and partially in horse mackerel and sprat, the first factor is of prime importance 
for the reduction of their biomasses. The first two fish species reproduce in the summer months in 
almost the whole Black Sea (Figure 36). During these months the Mnemiopsis biomass is highest, 
and because of this its negative impact is the highest. Besides, this ctenophore inhabits mainly the 
layers over the thermocline, i.e. the layers the eggs and larvae of anchovy and horse mackerel are 
developing in. As previously pointed out, larvae, although in small quantities, serve as food of 
Mnemiopsis leidyi, thus it exerts a direct influence on species abundance. The observed decline in 
the small zooplankton (Copepoda) in summer months also lowers the survival of the larvae and 
alevins of the two species. All this ultimately caused the dramatic decline in the anchovy stock in 
1990 and 1991. The reduced fishing mortality during the next years is the major reason for the 
positive trends towards an increase of its biomass. 

The reasons for the depletion of sprat biomass in the western part of the basin after 1 987- 
1 988 also has a complex character. On the one hand, the environmental conditions deteriorated, 
and on the other the fishing mortality increased. This disproportion inevitably led to the depletion 
of heavily fished stocks. In such cases, the best approach is to reduce the fishing mortality which 
would enable the relevant species to resist the unfavourable conditions until their improvement 
(Prodanov, 1 989). It is seen from Figure 37, that the sprat also spawns in almost the entire Black 
Sea waters, which allows it to adequately utilise the trophic potential of the whole basin. After 
reducing the fishing effort its stocks also show a rising trend. A similar trend is observed for the 
stock of whiting and especially that of shad. In the case of the turbot, spiny dogfish, and Russian 
sturgeon, the situation is much more complicated since their catches are seriously understated. 
Furthermore, the regulation measures prohibiting the catch of immature fish, primarily in the case 
of turbot and Russian sturgeon, are not observed. 
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The depletion of the stocks of mullets is determined by the reduction of the surface area of 
the near shore lakes, and their pollution from industry. This concerns practically all Black Sea 
countries. The almost complete disappearance of bonito and blue fish along the Bulgarian, 
Romanian and Ukrainian coasts, also confirms a change for the worst in the western part of the 
Black Sea. 

The remaining fish species (thornback-ray; sting-ray: striped mullet, etc.) are not subject to 
commercial fishery, but they have a substantial importance for the fish component of the 
ecosystem, being predators or competitors for food resources of all heavily exploited fish species. 
This also influences the stock dynamics of the latter, and therefore has to be kept in mind when 
assessing their "optimum" (allowable) catches. The lack of regular ichthyological research for these 
species does not permit formal stock assessments. For the time being, stocks can be estimated 
approximately by trawl surveys using the standard scheme. This would enable a more complete 
understanding of the interrelationships between the most abundant species of the ichthyopopulation 
in the ecosystem which would make the forecast of the year class strength more precise, which 
would be of great significance for commercial fish species with a short life span. 
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FIGURE 37. Distribution of sprat offspnng in April-May 1961-1991 (in numbers/m : ') 
(from Arkhipov, 1993): 

1: 0-10; 2: 11-100; 3: 101-1000; 4: 1001-10000; 5: 10001-100000; 6: >100000 
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V. ENVIRONMENTAL MANAGEMENT OF FISH RESOURCES IN THE BLACK SEA AND THEIR 
RATIONAL EXPLOITATION 

The results of Black Sea fish stock assessments conducted over the past 25-45 years were 
juxtaposed with more than 40 factors revealing the changes that have occurred in the environment. 
As a result a number of regularities permitting the elaboration of a fishery strategy were established, 
with a view to sustainable utilisation of fish resources. 

As it is well known, the problem of redressing the ecological balance in the basin lies at the 
root of all national and international programs and conventions: e.g., the "Convention on the 
protection of the Black Sea against pollution” (1992); "Government declaration” (Odessa, 1993); 
GEF; NATO TU-Black Sea; EROS-2000; Co-operative Marine Science Programme; CoMSBIack; Delta 
Danube Programme; GEF Danube River Basin, etc. 

For solving the problems of fishery management, a Joint Fishery Commission was founded 
which has to plan concrete measures for rational exploitation of Black Sea fish resources. 

A large number of obstacles arose during the development of the project "ENVIRONMENTAL 
MANAGEMENT OF FISH RESOURCES IN THE BLACK SEA AND THEIR RATIONAL EXPLOITATION". 
In our opinion, the representatives of the Black Sea countries in the mentioned Commission will also 
be faced with most of them. For this reason when specifying their particular action plans they ought 
to address the following problems: 

Standardize the values of population parameters (catch age composition, age of sex 
maturation, definite age, etc.) of the commercially valuable fish species. We consider it of high 
priority to prepare appropriate manuals for fish ageing aiming at standardizing the results of 
biological research. In order to use the historical data of every country, size-age keys are 
required for the particular fish species. 

Renovation of statistical data collection for the catch amounts and the fishing effort applied 
(by countries and fleets). 

Standardizing the methods of fish stock assessments in relation to the available biological and 
fishery information for the different fish species. 

At present there is a large amount of data being collected at national levels. However, 
although national trends are analysed, detailed and theoretically substantiated analysis of regional 
data will further be impeded unless the mentioned above deficiencies are not surmounted. 
Furthermore, the available scientific information is interrupted by a lack of biological and fishery data 
for certain periods pointed to in the report. In the last 5-6 post-communist years after the transition 
to market economics was attempted, there has been a lack of good fishery statistics. These have 
to be considerably improved, especially in the former socialist countries and the data set expanded 
to include fishing effort. Information that was difficult to obtain has to be supplied where possible. 
For this reason, the coordination between the research Institutes and the corresponding State 
Institutions responsible for management and control of the biological resources, has to be improved. 
All this would facilitate further more an ecosystem approach to fish resources management. 

According to our investigations the fish stock depletion in the Black Sea is due to the complex 
influence of various factors, dominant among them being overexploitation and the outburst of the 
new ctenophore Mnemiopsis leidyi, the latter having changed to a great extent the trophic 
interrelationships between the organisms in the Black Sea ecosystem. All this necessitates the 
applying of new approaches when suggesting the annual catches by species, and requires an 
account of the current state of the environment. In this connection, the Joint Fishery Commission 
ought to solve the following important problems: 
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1 . Migrating fish 

1.1 Apportionment of the annual quotas by countries. 

1 .2 Determination of regulatory measures for the different fish species and International 
control and surveillance of fishing by all Black Sea countries. 

2. Anadromous fish 

2.1 Apportionment of the annual quotas by countries 

2.2 Determination of the regulatory measures for the different fish species. 

Solving of all these problems probably will need to be carried out in conformity with 
international maritime law (The Law of the Sea, The Regime for High-Seas Fisheries (Status and 
Prospects, United Nations - New York, 1992), but in all cases the good will of all Black Sea States 
will be needed for the more rapid and effective protection of the fish populations in the basin. This 
concerns to the same degree the remaining intergovernmental conventions, especially that relating 
to the protection of Black Sea against pollution. Only by the common efforts of all Black Sea States, 
as well as of those from the Danube Basin, will the preservation of species' biodiversity for the fish 
population and their sustainable utilisation by the commercial fishery be possible. 
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APPENDIX 


In this appendix are given as an example all calculations for sprat stock assessments by 
different methods. Similar estimations were also made for the other fish species. 
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SPRAT STOCK ASSESSMENTS 

SEP31 CSV 


Separable analysis 

from 1974 to 1993 on ages Oto 4 

with Terminal F of ISO on age 2 and Terminal S of 1.000 


Initial sum of squared residuals was 639.529 and 
final sum of squared residuals is 54.386 after 1 1 3 iterations 

Matrix of Residuals 

Years 1974/75 1975/76 1976/77 1 977/78 1 978/79 

1979/80 

1980/81 

1981/82 

1982/83 

Ages 

0/1 

2.194 

-1.6C7 

-1.285 

1.491 

2.102 

1.209 

-0 33 

-0.301 

-0 698 

1/2 

0.081 

-0.616 

-0.3 

-0.539 

-0 532 

-0.799 

0004 

-0.457 

1.043 

2/3 

-0.044 

0.745 

0.361 

-0 366 

-0 483 

0.151 

0 234 

0367 

0.163 

3/4 

-1 .278 

-0.171 

0.218 

0.626 

0.542 

-0.179 

-0.383 

-0.201 

-1.173 

TOT 

0.001 

0 

0 

0 

0 

0 

0 

-0.001 

-0.001 

WTS 

1 

1 

1 

1 

' 1 

1 

1 

1 

1 


v ears 

1383/84 1584/35 

1S85/85 

1936/87 

1387/83 

1988/39 

1989/90 

1990/91 

1991/92 

C/1 

-1.454 

-1.319 

-0.382 

-0.4C8 

-0.987 

-1 567 

0 839 

0.541 

2.398 

1/2 

0.817 

0.388 

0 802 

-0,1 S9 

0.335 

1197 

0.386 

-1.052 

0515 

2/3 

0.002 

-0.007 

-0.066 

-0.31 

0.201 

-0 206 

-0.514 

0.212 

-0.294 

3/4 

-0.074 

0.353 

-0 526 

1.179 

-0 29 

0.071 

0.322 

0 356 

•1.286 

TOT 

-0 001 

-0.001 

-0 001 

0 

0 

0 

0 

0 

0 

WTS 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Fishing Moralities (F) 

1974 1975 1976 1977 1978 1979 1980 1981 1982 

F-valuei 0.0109 0.0135 0.0296 0.0825 0.2087 0.5306 0.5763 0 8187 0.4631 

F-values 

Selection-ai-age (S) 

0 12 3 4 

S-value: 0.0041 0.6458 1 1 0705 1 

1 


Run title 1993 


fit 25/1 2/1 991 8.48 
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SPRAT STOCK ASSESSMENTS 

SEP31 .CSV 


Separable analysis 

from 1 974 to 1 993 on ages 0 to 4 

with Terminal F of 150 on age 2 and Terminal S of 1 .000 

Initial sum of squared residuals was 639 529 and 
final sum of squared residuals is 54.366 after 1 1 3 iterations 

Matrix of Residuals 


Years 

Ages 

1974/75 

1975/76 

1976/77 

1977/78 

1978/79 

1979/80 

1980/81 

1981/82 

1982/83 

0/1 

2.194 

-1.607 

-1 .285 

1.491 

2.102 

1.209 

-0.33 

-0.301 

-0698 

1/2 

0.081 

-0616 

-0.3 

-0.539 

-0.532 

-0.799 

0.004 

-0.457 

1.043 

2/3 

-0.044 

0.745 

0.361 

-0.366 

-0.483 

0.151 

0 234 

0367 

0.163 

3 /4 

-1 .278 

-0.171 

0.218 

0.626 

0.542 

-0.179 

-0.383 

-0.201 

-1.173 

TOT 

0001 

0 

0 

0 

0 

0 

0 

-0.001 

-0.001 

WTS 

1 

1 

1 

1 

1 

1 

1 

1 

1 


v ears 

1383/84 

1984/35 

1 935/86 

isa&'S7 

1387/88 

1988/89 

1989/90 

1990/91 

1991/92 

C/1 

-1.454 

-1.319 

-0.382 

-0.408 

-0.987 

-1 .567 

0.839 

0.541 

2.398 

1/2 

0.817 

0.388 

0 802 

-0.159 

0.335 

1.197 

0.386 

-1.052 

0.515 

2/3 

0.002 

-0.007 

-0 066 

-0.31 

0.201 

-0.206 

-0.514 

0.212 

-0.294 

3/4 

-0.074 

0353 

-0.526 

1 179 

-0.29 

0.071 

0.322 

0356 

-1 .286 

TOT 

-0 001 

-0.001 

-0.001 

0 

0 

0 

0 

0 

0 

WTS 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Fishing Mortalities (F) 









1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

F-value: 0.0109 

0.0135 

00296 

0.0825 

0.2087 

0.5306 

0 5763 

0.8187 

0 4631 

F-values 









Selection-at-age (S) 









0 

1 

2 

3 

4 





S-value 0 0041 

06458 

1 

1 0705 

1 






1 

Run title 1993 


At25/12/1991 8 48 
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SEP31 CSV 


Traditional vpa Terminal populations from weighted Separable populations 


Fishing mortality residuals 


YEAR 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

AGE 










0 

0.0003 

0 

-0.0001 

00006 

0,0032 

0.0048 

-0.001 

0.0013 

-0.0004 

1 

0.0047 

-0.0024 

-0.0047 

-0.0313 

-0 0559 

-01596 

-0.0214 

-0.1273 

0.3464 

2 

-0.0007 

0.0075 

0.0105 

0.001 

-0,0675 

-0.0234 

0,0597 

-0.0825 

0.0632 

3 

-0 0045 

-0.0004 

-0.0083 

-0.0046 

01188 

0.0396 

-01439 

-0.1142 

-0.2277 

4 

0 

0.0165 

0.0047 

-0.0345 

-0.1077 

-0.0282 

0.2532 

00343 

-0 0065 

Fishing mortality residuals 








YEAR 

1964 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

AGE 










0 

-0.0005 

-0.0002 

-0.0002 

-0.0002 

-0.0006 

0.0019 

0.0086 

0.0028 

-0.0004 

1 

0.1029 

0.0746 

-0.005 

0,0409 

0.1705 

0.1308 

-0.4825 

0.0462 

-01397 

2 

-0.0501 

0.0439 

-0.0705 

0.0486 

-0.0236 

-0.252 

-0.2958 

0.0336 

-0 0672 

3 

-0.0212 

-0.0482 

0.1328 

-0.007 

-0.0054 

0.0977 

0.1378 

-0.1061 

0.2867 

4 

1 

C.021 

-0.0685 

0 0754 

-0.1688 

0 064 

-0.1256 

-0 4262 

-0.0371 

0.3501 


Copyrighted material 



175 


TUN521 CSV 


Lowestoft VPA Version 3.1 
27/02/1995 17:57 
SPRAT 1993 

CPUE data from file E:\LOWEVSP74\SP74TUN.DAT 


Catch data for 20 years 1974 to 1993 Ages 0 to 5, 


Reel 

Firs 

Last 

First 

Last 



year 

year 

age 

age 


BG BOUP 

1977 

1993 


0 

4 

USSR SM 

1977 

1993 


0 

4 

USSR LAf 

1977 

1993 


0 

4 

USSR RS 

1978 

1993 


1 

4 


Disaggregated Qs 
Log transformation 

The final F is the (reciprocal vanance-weighted) mean of the raised fleet Fs. 
No trend in Q (mean used) 


Terminal Fs derived using L/S (without F shrinkage) 
Tuning converged after 8 iterations 


Regression weights 

0.751 0.82 0.877 0.921 0,954 0.976 0.99 0.997 

Oldest age F = 1 000* average of 2 younger ages. 

1 


1 


Fishing mortalities 
Age 1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

0 

0 

0.001 

0.001 

0.001 

0 

0.007 

0.014 

0 004 

0.001 

0 

1 

0.336 

0.168 

0.189 

0.251 

0.301 

0,737 

0.737 

0.167 

0081 

0.069 

2 

0.215 

0.327 

0.183 

0.385 

0.178 

0.699 

1.396 

0.352 

0.254 

0.153 

3 

0 428 

0.179 

0.775 

0.266 

0.222 

1.219 

2.156 

0.122 

1.281 

0.128 

4 

0322 

0253 

0 479 

0 326 

0.2 

0.959 

1 776 

0237 

0.767 

0.14 


Log catchabilrty residuals 
Fleet ; BG BOURGAS 



1977 

1978 

1979 

1980 

1981 

1982 

1983 




0 

0.74 

-1.07 

0.94 

-0.22 

0.89 

013 

-0 45 




1 

-2.51 

-1.23 

-1 

-0.33 

-0.76 

0.82 

0.48 




2 

-0.54 

-0.56 

0.16 

0.13 

0.7 

0.37 

043 




3 

0.23 

0.39 

0.31 

-0.04 

1 03 

0.1 

0.16 





1984 

1985 

1986 

1987 

1968 

1989 

1990 

1991 

1992 

1993 

0 

-0.7 

-1.29 

-1.85 

0.19 

-2.03 

1.95 

2.02 

1.56 

0.58 

-1.34 

1 

0.57 

-014 

-0.64 

-0 3 

-0 22 

096 

094 

0.09 

0 

-0.73 

2 

-061 

0.34 

-0 7 

0.15 

-0.51 

0.33 

OSS 

- 0.2 

-0 06 

- 0.24 

3 

-001 

-0.41 

0.15 

-0.91 

-0.56 

-0.17 

0.27 

- 0.2 

0 68 

0.16 


Age 
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TUN521 CSV 


Fleet : USSR SMALL 


Age 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

0 

0.59 

-0.98 

0.93 

-0.12 

1.07 

-0 36 

-1.31 

1 

-1 .14 

-0.36 

-0.16 

0.09 

0.26 

0.61 

-0 18 

2 

-0 62 

-0.38 

-0.1 

0.39 

0.11 

-01 

-0.34 

3 

-1.1 

-0.62 

-1.25 

-0.22 

0.05 

-1 42 

-0.33 


Age 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

0 

-1.89 

-1.25 

-0.69 

-0.56 

-2.28 

1.13 

2.07 

1.92 

0.38 

0.77 

1 

-0.37 

-0.69 

-0.63 

-0.21 

-0.18 

0.47 

0.66 

046 

-0.14 

018 

2 

-0.86 

-0.52 

-1.18 

-0.29 

-1.22 

0.29 

1.22 

1.15 

0.9 

0.26 

3 

-0.05 

-1.9 

046 

-0.92 

-0.82 

0.91 

1.63 

-018 

2.51 

-0.31 

Reel . USSR LARGE 










Age 

1977 

1978 

1979 

1980 

1981 

1982 

1983 




0 

0.75 

-0.93 

1.16 

0.02 

0.98 

-0.07 

-1.35 




1 

-0.98 

-0.31 

0.06 

0.24 

0.16 

0.9 

-0.22 




2 

-0.46 

-0.33 

0.13 

0.54 

0.01 

0.19 

-0.38 




3 

-0.94 

-0.57 

-1.03 

-0.08 

-0.04 

-1.13 

-0.36 





Age 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

. 1991 

1992 

1993 

0 

-1.89 

-1.02 

-0.48 

-0.51 

-2.14 

0.88 

1 82 

1.91 

038 

0 47 

1 

-0.37 

-0.45 

-0 43 

-0.17 

-0.03 

0.22 

0.41 

045 

-0.14 

-012 

2 

-0.86 

-0.28 

-0.98 

-0.24 

-1.07 

004 

0,97 

1 14 

0.9 

-0.04 

3 

-0.05 

-1.66 

0.66 

-0 8 a 

-0.68 

0.66 

1.38 

-018 

2.51 

-0 61 

Fleet : USSR RS 










Age 

1977 

1978 

1979 

1980 

1981 

1982 

1983 




0 

No data for this fleet at this age 








1 

99 99 

006 

0.39 

0.9 

0.35 

0.57 

-0.14 




2 

99.99 

0.05 

0 47 

1.22 

0.21 

-0.13 

-0.3 




3 

99.99 

-0.2 

-0.69 

0.59 

0.14 

-1 48 

-0.28 





Age 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

0 

1 

No data for this fleet at this age 
0.11 -0.82 0.7 

046 

-0.87 

-0.1 

0 

-0.28 

-0.57 

0 46 

2 

-0.38 

-0.65 

0.15 

0.39 

-1 92 

-0.28 

0.56 

0 41 

049 

0.55 

3 

0.43 

-2.04 

1.79 

-0.25 

-1.52 

0.34 

0.97 

-0.89 

2.09 

-0.03 


1 
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TUN521 CSV 


SUMMARY STATISTICS FOR AGE 0 


Fleet 


Pred. 

se 

Partial 

Raised 

Slope 

se 

Intrcpt 

se 



log p 

(log q) 

F 

F 


Slope 


Intrcpt 


i 

-11. 2S 

1 223 

00001 

0,0019 

5 77E-02 

828E-02 

-11.249 

0339 


2 

-10.82 

1.215 

00002 

00002 

1 34E-01 

7.6OE-02 

-10.825 

0.337 


3 

-10.31 

1.124 

0 

0 0003 

1 .09E-01 

7 19E-C2 

-10.306 

0.312 


4 

No data lor 

this fleet at this age 






Fbar 


Sigmafi 

Sigma(e 

Sigma(oi 

Vananoe 

ratio 





0 

0 684 

0.645 

0 684 

0.889 






Fleet 


SUMMARY STATISTICS FORAGE 1 
Pred. se Partial Raised 

Slope 

se 

Intrcpt 

se 


i 

log g 
-5.99 

(log q) 
0.595 

F 

0.0105 

F 

0.143 

3.23E-02 

Slope 
4 00E-02 

-5.987 

Intrcpt 

0.165 


2 

-5.54 

0.392 

0.0412 

0.0577 

359E-02 

2.S3E-02 

-5.541 

0.109 


3 

-502 

0326 

0 0026 

00783 

1.1 IE-02 

2.23E-02 

•5.022 

0.091 


4 

-12.82 

0477 

0 

0.0436 

-3.78E-02 

323E-02 

-12.82 

0.133 

Fbar 

0.069 

Sigma(i 

0.208 

Sigmafe; 

0.201 

Sigma(o> 

0.208 

Variance 

0.93 

ratio 





SUMMARY STATISTICS FORAGE 2 


Fleet 


Pred. 

se 

Partial 

Raised 

Slope 

se 

Intrcpt 

se 



log g 

(log q) 

F 

F 


Slope 


Intrcpt 


1 

-5.47 

0.378 

0.0177 

0.1941 

-1 27E-02 

2.58E-02 

-5.467 

0.105 


2 

-5.39 

0.712 

0.0478 

0.1175 

9.1 IE-02 

4.29E-02 

-5.392 

0.197 


3 

-4.87 

0 634 

0.0031 

0.1595 

663E-02 

4.01 E-02 

-4.873 

0.176 


4 

-12 68 

0.654 

0 

00881 

2.35E-02 

4 60E-02 

-12.677 

0.182 

Fbar 


Sigma(i 

Sigma(e: 

Sigma(o< 

Variance 

ratio 




0.153 

0.269 

0.174 

0.269 

0.416 






SUMMARY STATISTICS FOR AGE 3 


Fleet 


Pred 

se 

Partial 

Ra/sed 

Slope 

se 

Intrcpt 

se 



log q 

(log q) 

F 

F 


Slope 


Intrcpt 


1 

-575 

0 408 

0 0134 

0 1095 

-568E-03 

2 80E-02 

-5 749 

0113 


2 

-53 

1.052 

0 0525 

0.174 

1.41E-01 

6 26E-02 

•5 298 

0292 


3 

-4 78 

0.977 

0.0034 

0.2362 

1.16E-01 

6.02E-02 

-4.779 

0.271 


4 

-12.58 

1 09 

0 

0.1322 

7.39E-02 

7 47E-02 

-12.578 

0.304 

Fbar 


Sigma(i 

Sigma(e 

Sigma(cr 

Variance i 

ratio 




0 128 

0 337 

0 154 

0 337 

0.209 






1 


Copyrighted material 



178 


XSA521 CSV 


Lowestoft VPA Version 3.1 
27/02/1995 18:01 


Extended Survivors Analysis 
SPRAT 1 993 

CRJE data from file e:\lowe\sp74\sp74tun1 dat 


Catch data for 

1 6 years 1 978 to 1 993 Ages 

Oto 5. 



Fleet 

Firs 

Lasl 

First 


Last 

Alpha 

Beta 

year 

BGBOUR 1978 

year 

1993 

age 

1 

age 

4 

0 

1 

USSR SM 

1978 

1993 


1 

4 

0.25 

0.83 

USSR LAf 

1978 

1993 


1 

4 

0 

1 

USSR RS 

1978 

1993 


1 

4 

0.25 

0.5 

YS0 

1980 

1993 


0 

0 

0 

1 


Time series weights : 

Tapered time weighting applied 
Power = 3 over 20 years 

Calchability analysis : 

Catch ability dependent on stock size for ages < 1 


Regression type = C 

Minimum of 5 points used for regression 

Survivor estimates shrunk to the population mean for ages < 1 


Catchability independent of age for ages >= 1 


Terminal population estimation 

Survivor estimates shrunk towards the mean F 
of the final 5 years or the 4 oldest ages. 

S.E. of the mean to which the estimates are shrunk = 500 

Minimum standard error for population 
estimates derived from each fleet = 300 

Prior weighting not applied 


Tuning had not converged after 30 iterations 


Total absolute residual between iterations 
29 and 30= .00012 

Copyrighted material 



ETUDES ET REVUES DU CGPM PUBLIEES 
GFCM STUDIES AND REVIEWS ISSUED 


1 Standardisation de methodes d'etude biometrique et d’observation de clup£id6s (en particulier de 
Sardina pilchardus ) utilisees en biologie des peches, Division des peches de la FAO - 1957 

1 Standardization of biometric and observation methods for Clupeidae (especially Sardina pilchardus ) 
used in fisheries biology, FAO Fisheries Division - 1957 

2 Le Chalutage en Mediterranee - Observations preliminaires sur les chaluts italiens. Division des 
peches de la FAO - Septembre 1957 

2 Mediterranean trawling - Preliminary observations in the study of Italian trawl nets, FAO Fisheries 
Division - September 1957 

3 La pollution des eaux provoquee par les deversements des sucreries. Carlo Maldura et Paul Vivier - 
Avril 1958 

3 Water pollution caused by wastes from sugar refineries. Carlo Maldura and Paul Vivier - April 1958 

4 Filets tournants et coulissants en fibres synthetiques, Gerhard Klust - Septembre 1958 

4 Ring nets made of synthetic fibres, Gerhard Klust - September 1958 

5 La pisciculture dans les eaux interieures des pays membres du CGPM, Secretariat du CGPM - 

Fevrier 1959 

5 Inland water fisheries in the GFCM member countries, Secretariat of the GFCM - February 1959 

6 Le chalutage en Mediterranee - Deuxieme et troisieme rapports. Division des peches de la FAO - 
Mai 1959 

6 Mediterranean trawling - Second and third reports, FAO Fisheries Division - May 1959 

7 La technique des pecheries dans les lagunes saumatres, Ruggero de Angelis - Aout 1959 

7 Fishing installations in brackish lagoons, Ruggero de Angelis - August 1959 

8 La situation de la peche en Italie, en particulier dans le secteur de la distribution, Paolo Pagliazzi - 
Octobre 1959 

8 Situation of the fishing industry in Italy, particularly regarding distribution, Paolo Pagliazzi - 
October 1959 

9 Documentation graphique sur certains engins de peche utilises dans les lagunes littorales espagnoles, 
Fernando Lozano Cabo - Novembre 1959 

9 Graphic documentation on some fishing gear used in Spanish coastal lagoons, Fernando Lozano 
Cabo - November 1959 

10 Le chalutage en Mediterranee Quatrieme rapport, J. Scharfe. Division des peches de la FAO - 
Mars 1960 

10 Mediterranean trawling - Fourth report, J. Scharfe, FAO Fisheries Division - March 1960 
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1 1 Le traitement du fond des etangs piscicoles et ses effets sur la productivity. La pisciculture dans 
divers pays europeens, Alfred G. Wurtz - Juin 1960 

1 1 Methods of treating the bottom of fish ponds and their effects on productivity. Fish culture in certain 
European countries, Alfred G. Wurtz - June 1960 

12 Exploitation et description des lagunes saumatres de la Mediterranee, Ruggero de Angelis - 
Aout 1960 

12 Mediterranean brackish water lagoons and their exploitation, Ruggero de Angelis - August 1960 

13 Controle d’un chalut operant entre deux eaux ou sur le fond et tire par un seul bateau, J. Schiirfe, 
Division des peches de la FAO - Septembre 1960 

13 A new method for "aimed" one-boat trawling in mid-water and on the bottom, J. Scharfe, FAO 
Fisheries Division - September 1960 

14 Le chalutage en Mediterranee - Cinquieme rapport, J. Scharfe, Division des peches de la FAO - 
Mai 1961 

14 Mediterranean trawling - Fifth report, J. Scharfe, FAO Fisheries Division - May 1961 

15 La madrague sicilienne de course, Vito Fodera - Juillet 1961 

15 The Sicilian tuna trap, Vito Fodera - July 1961 

16 Influence de la temperature et de 1'eclairement sur la distribution des crevettes des moyennes et 
grandcs profondeurs, Walter Ghidalia et Francois Bourgois - August 1961 

16 The influence of temperature and light on the distribution of shrimps in medium and great depths, 
Walter Ghidalia and Francois Bourgois - August 1961 

17 L'amelioration des techniques de la peche au feu, F. Bourgois et L. Farina, Experts de la FAO - 
Novembre 1961 

17 Improvements of techniques for fishing with lights, F. Bourgois and L. Farina, FAO Experts - 
November 1961 

18 L'elevage des hultres en pares flottants, M. Nikolic et I. Stojnic - Mars 1962 

18 A sytem of oyster culture on floating shellfish parks, M. Nikolic and 1. Stojnic - March 1962 

19 Peche au feu, Raimondo Sara - Aotit 1962 

19 Light fishing, Raimondo Sara - August 1962 

20 Reglementation en vigueur sur la peche de la sardine en Mediterranee, Service d’etudes legislatives 
de la FAO - Juillet 1963 

20 Existing regulations for sardine fishing in the Mediterranean, FAO Legislation Research Branch - 
July 1963 

21 Diagnoses demographiques sur les populations de poissons dans les cours d'eau a truites, R. Cuinat 
et R. Vibert - Octobre 1963 

21 Demographic diagnosis on fish populations in trout streams, R. Cuinat and R. Vibert - October 1963 
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22 Dommages causes par les marsouins et autres animaux marins depredateurs en Mediterranee, 
C. Ravel - Novembre 1963 

22 Damage caused by porpoises and other other predatory marine animals in the Mediterranean. 
C. Ravel - November 1963 
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After a short introduction describing the environmental status of the Black Sea, 
the publication presents information on the marine algae and the phytoplankton 
and zooplankton, including the events following the introduction of the predatory 
ctenophore Mnemiopsis leydei. The existing historical information available on 
the resources of more than 14 commercial fish In the Black Sea is summarized 
and placed in context with information on the marine environment, together with 
an evaluation of the impact of environmental changes. 
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